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This  document  is  the  final  report  prepared  by  Dell  Aeroeystems  Company  for  the  Air  Force 
Flight  Teat  Center,  Edwards  Air  Force  Base,  under  Contract  AF33(616)-6689.  The  program  is  the 
study  of  storable,  liquid-propellant  systems.  The  period  7/ith  which  this  report  is  concerned  is 
6  July  1959  through  30  September  1960. 

The  nomenclature  of  aluminum  alloys  which  is  used  in  this  report  is  that  which  has  been 
accepted  as  standard  by  the  Aluminum  Association.  That  which  is  used  for  stainless  steel  has  been 
established  by  the  American  Iron  and  Steel  Institute  (AISI). 
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ABSTRACT 


The  storable  liquid  propellants  studied  under  this  contract  were  nitronen  tetroxide  (N2O4),  un- 
symmetrical  diniethylhydrazine  (UDMH),  and  hydrazine  (N2H4).  The  prime  effort  was  expended  on 
the  first  two  propellants.  Experimental  data  as  well  as  data  obtained  from  a  literature  survey  are 
included  in  this  report. 

Pertinent  physical  property  data  is  presented  for  each  propellant.  Data  concerning  propellant 
decoinposition  caused  by  .''uch  contaminants  as  aluminum  and  stainless  steel  chips,  lint,  constituents 
of  air  and  hot  pressurizing  gases  is  also  presented.  High  temperature,  low  temperature,  and  cycling 
temperature  tests  were  conducted  with  each  propellant  in  tanks  made  of  type  347  stainless  steel, 
6061-T6  aluminum,  PH  15-7  Mo  stainless  steel  and  C  120  AV  titanium.  Three  explosions  wore  en¬ 
countered  with  N2H4  in  stainless  steel  tanks  (347  stainless  steel  and  PH  15-7  Mo  stainless  steel)  at 
temperatures  above  290°F.  Other  than  slight  decomposition,  no  problems  were  encountered  with 
UDMH  stored  at  temperatures  up  to  300°F.  If  N2O4  is  maintained  in  the  anhydrous  state  and  high 
vapor  pressure  can  be  tolerated,  no  problems  will  be  expected  with  N2O4  stored  in  type  347  stainless 
steel,  PH  15  7  Mo  stainless  steel  and  6061-T6  aluminum  tanks  up  to  270"'F.  Neither  tank  corrosion 
nor  propellant  decomposition  was  detected  when  the  propellants  were  stored  for  three  to  six  months 
in  10-gallon  6061-T6  aluminum  and  PH  15-7  Mo  stainless  steel  tanks  at  outdoor  temperatures  and 
temperatures  near  the  propellant  boiling  points.  Materials  cr)mpatibility  data  is  presented  for  each 
of  the  propellants. 

Flow  and  exposure  tests  were  conducted  with  Rascal  type  hardware  converted  to  operate  with 
N2O4  and  UDMH.  Anti-fricition  bearings  such  as  ball  or  roller  bearings  made  from  standard  SAE 
52100  scries  bearing  steel  or  440  C  stainless  steel  were  satisfactorily  run  and  lubricated  in  liquid 
N2O4  in  a  seal  test  rig.  In  addition,  several  seal  configurations  were  evaluated  with  N2O4  and 
showed  excellent  wear  qualities  when  run  against  316  stainless  steel  and  flame-plated  chrcjmium 
carbide  mating  rings.  Pump  tests  were  conducted  with  the  WS  117L  (Bell  Agena)  puni))  hardware  to 
determine  the  pump  cavitation  characteristics  with  UDMH  and  N2O4. 
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I.  INTRODUCTION 


This  is  the  final  report  under  Contract  No.  AF33(616)-6689  conducted  by  Bell  Aerosystems 
Company  under  the  sponsorship  of  the  Directorate  of  Rocket  Propulsion,  Air  Force  Flight  Test 
Center,  Edwards  Air  Force  Base.  California.  Mr.  C.  F.  Emde  was  the  Project  Officer. 

This  work  covers  the  period  6  July  1959  through  30  September  1960.  During  the  first  three 
months  of  this  period,  an  e.xtensive  literature  investigation  was  conducted  to  accumulate  information 
pertinent  to  the  test  program.  The  major  portion  of  the  effort  under  this  program  was  utilized  in 
experimentation  and  testing  with  st<irable  propellants  (N2O4.  UDMH.  and  N2H4)  to  resolve  such 
problems  as  propellant  temperature  limits,  materials  compatibility,  propellant  decomposition, 
sealing,  pumping,  and  flowing  propellants  through  a  typical  missile  propellant  system. 
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n.  DISCUSSION 


Phase  I,  a  literature  survey,  was  conducted  during  the  first  three  months  of  this  contract. 
Detailed  results  of  this  investit^tion  were  reported  in  the  first  quarterly  progress  report  (Reference 
1  in  the  Bibliography).  Highlights  of  this  survey  are  included  in  a  detailed  description  of  the  basic 
laboratory  investigations  (Phase  11)  and  system  and  component  analysis  (Phase  III)  which  are  dis¬ 
cussed  in  the  following  subsections. 

A.  PHASE  II  -  BASIC  LABORATORY  INVESTIGATIONS 
1.  Propellant  Properties 

During  the  first  three  months  of  this  contract,  information  and  data  on  the  physical 
properties  of  N2O4.  UDMH.  and  N2H4  wore  compiled  from  e.xisting  literature.  Additional  informa¬ 
tion  and  data  were  obtained  during  the  succ<-oding  months  from  continuing  literature  survey,  and 
tests  were  undertaken  at  Dell  Aerosystems  to  bridge  gaps  in  the  existing  literature. 

Tests  conducted  at  Beil  Aerosystems  during  this  period  were: 

(1)  The  viscosity  of  N2O4  was  measured  using  an  Ostwald-Cannon-Fenske  viscosimeter 
in  the  temperature  range  from  -4.4  to  50  F. 

(2)  The  density  of  N2H4  in  the  temperature  range  from  122  to  230'’F  was  measured 
using  a  Westphal  Balance,  a  Pyrex  test  tul)e.  and  a  temperature  controlled  oil  bath. 

(3)  The  flash  and  fire  points  of  N2H4  were  determined  using  a  Cleveland  Open  Cup 
Apparatus  modified  to  eliminate  catalytic  effects  by  using  a  glass  cup. 

(4)  The  flash  and  fire  points  of  UDMH  were  determined  by  the  Cleveland  Open  Cup  and 
the  Pensky-Martens  Closed  Cup  apparatuses. 

The  propellant  physcial  properties  of  primary  interest  to  rocket  engine  manufacturers 
are  summarized  in  Table  1.  The  corresponding  references  are  also  noted  in  this  table. 

Table  2  and  Figure  1  contain  density  values  of  N2O4  as  a  function  of  temperature.  Vapor 
pressure  data  for  N2O4  are  talmlated  in  Table  3.  and  are  plotted  in  Figure  2  as  a  function  of  tempera¬ 
ture.  The  viscosity  of  N2O4  in  the  liquid  phase  from  40  to  280° F  is  tabulated  in  Table  4.  The  effect 
of  temperature  and  pressure  on  viscosity  in  the  iiquid  phase  of  nitrogen  tetroxide  can  be  found  in 
Figures  3  and  4.  The  viscosity  of  N2O4  at  temperatures  below  50°F  is  tabulated  in  Table  5.  Figure 
5  shows  a  comparison  of  results  obtained  at  Beli  versus  those  obtained  by  Richter  and  Sage  for.N204 
viscosity.  Table  6  and  Figure  6  contain  heat  capacity  values  of  N2O4  as  a  function  of  temperature 
The  dissociation  of  N2O4  as  a  function  of  temperature  and  pressure  can  be  seen  in  Table  7. 

Tables  and  plots  of  the  density,  vapor  pressure,  viscosity,  and  heat  capacity  as  functions 
of  temperature  were  prepared  for  UDMH.  Table  8  and  Figure  7  illustrate  density  values,  and  Table 
9  and  Figure  8  show  vapor  pressure  data.  Viscosity  values  may  be  found  in  Table  10  and  Figure  9, 
and  the  heat  capacity  values  may  be  found  in  Table  11  and  Figure  10. 
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Also,  tables  and  phjts  of  the  densiiv,  vapor  pressure,  viscosity,  and  heat  capacity  as 
functions  of  temperature  were  prepart'd  for  N2H4-  Tables  12  and  IS.along  with  Fifjures  11  and  12, 
illustrate  density  and  specific  pravily  data.  Table  14  and  Fipure  13  show  vaptjr  pressure  data. 
Viscosity  values  may  be  found  in  Table  15  and  Fipure  14.  and  the  heat  capacity  data  may  be  found  in 
Table  16  and  Fipure  15. 

Finally,  curves  of  the  density  versus  temperature  over  theliquid  range,  for  N2O4,  UDMH. 
and  N2H4.  along  with  their  melting  points  and  boiling  points,  were  plotted  as  Figure  16.  From  these 
curves,  the  coefficient  of  thermal  expansion  of  the  three  propellants  can  be  obtained. 

2.  Propellant  Decomposition 

Data  pertinent  to  the  effect  of  propellant  de{-omposition,  due  to  contact  with  air.  manufac¬ 
turing  dirt,  and  pressurizing  gases,  are  given  in  this  section.  That  found  in  a  literature  survey  is 
listed  in  the  succeeding  paragraphs. 

Slow  deeomiiosition  was  ni.H'd  in  most  l  ases.  dui  to  a  rt'action  between  oxygen  and  N2H4 
at  ambient  temperature.  At  higher  fuid  temi'i  ratures,  a  faster  decomposition  rate  was  noted. 

UDMH  is  resistant  to  air  oxidation,  but  the  vapor  reacts  slowly  at  ambient  temperature  to 
form  traces  of  several  products.  Carbon  dioxide  reacts  with  UDMH  to  form  a  salt*,  and  extended 
e.xijosure  of  UDMH  to  air  or  other  gtises  containing  carbon  dioxide  could  k>ad  to  eventual  precipitation 
of  the  material  (Reference  12).  W.  A.  Riehl  (Reference  20)  Itubliled  a  volume  of  air  equal  to  12,000 
tintes  the  original  liquid  volume  of  UDMH  and  found  the  (piality  of  the  UDMH  had  changed  drastically. 
The  UDMH  had  turned  orangi'-red,  the  concentration  dropped  from  97.8  to  39.3',.  and  the  specific 
gravity  increased  from  0.795  to  0.989. 

Although  pressurized  nitrogen  is  used  for  transferring  UDMH  and  N2H4  (References  3.  6, 
and  12).  and  dry  compressed  air  for  transferring  N2O4  (Reference  9).  very  little  e.xijerimental  data 
was  found  concerning  the  effects  of  propellant  decomposition  caused  by  hot  jrressurized  nitrogen  gas. 
Rocketdyne  (Refereitce  22)  advised  caution  when  pressurizing  hot  (200  F)  N2H4  with  hot  nitrogen 
(1000  F)  becuase  exitlosions  Itave  been  experienced  under  similar  conditions.  Carbon  dioxide  was 
found  to  be  unsatisfactory  as  a  pressurizing  gas  for  N2O4  because  of  its  solubility  in  the  oxidizer 
(Reference  18). 

A.  G.  Thatcher  of  Reaction  Motors  Division  (Ri'ference  19)  reported  smooth  runs  when 
e.xpclling  N2H4  at  ambient  temperature  (70  F)  and  at  200  F  with  OGK  solid-grain  gas  products** 
cooled  by  a  diluent.  No  vapor  phase  N2H4  detonation  was  detected,  presumably  because  of  the  rapid 
dilution  of  the  N2H4  vaiior  with  grain  gases. 

In  general,  the  personnel  at  each  facility  visited  advised  caution  when  e.xp  Ring  hot  N2H4 
with  hot  nitrogen. 

Rocketdyne.  .fit  Propulsion  Ltiboratory,  and  Aerojet-General  predict  no  problem  when 
pressurizing  N2O4  and  UDMH  with  hot  nitrogen.  Allied  Chemical  Corporation  (Reference  32) 
indicates  no  problem  will  be  encountered  when  pressurizing  N2O4  with  hot  nitrogen.  Westvaco 
Chlor-Alkali  Division  of  FMC  (Reference  33)  recommends  caution  when  pressurizing  UDMH  with 
nitrogen  at  1000°F  because  the  decomposition  temperature  of  UDMH  is  1200-1400’F. 


*  (CH3)2N2HC00H 

*♦  (H2.  CO.  CO2.  H2O.  N2.  NH3) 
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Manufacturing  dirt  refers  to  matter  such  as  stainiess  steel  and  aluminum  chips,  weld 
scale,  lint,  greases,  shreds  of  plastic  material,  and  lubricants  which  rnay  be  found  in  a  missile  pro¬ 
pellant  system.  As  originally  interpreted,  manufacturing  dirt  was  thought  to  refer  to  contaminants 
found  in  the  propellants  as  received  from  the  vendors.  Accordingly,  this  information  was  sought 
from  the  propellant  vendors. 

Nitrosyl  chloride  and  water  wore  indicated  by  the  vendor  (References  9  and  32)  to  be 
the  most  likely  contaminants  in  N2O4.  Water,  when  combined  with  N2O4.  forms  60-70V(  solution  of 
HNO3.  Other  contaminants  might  be  iron,  in  the  order  of  parts  per  million;  Nordcoseal  234S 
(lubricant  used  by  vendor)  resulting  from  excessive  use;  and  the  compression  oil  resulting  from  the 
use  of  dry  compressed  air  during  N2O4  transfer  operations. 

Dimethylamine.  water,  and  an  air  oxidation  product,  methylene  dimethylhydrazine,  were 
indicated  by  one  vendor  to  be  the  most  likely  contaminants  of  UDMH  (Reference  33). 

Aniline,  chlorides,  metal  ions,  and  water  were  reported  to  be  the  most  likely  contaminants 
of  N2H4  (Reference  42). 

As  this  interpretation  of  manufacturing  dirt  was  not  the  intended  one,  most  of  these  pro¬ 
pellant  contaminants  were  not  included  as  part  of  the  basic  laboratory  tests.  However,  the  fore¬ 
going  data  has  been  included  for  information  purposes. 

The  following  paragraphs  give  details  of  tests  which  were  undertaken  to  supplement  the 
data  accumulated  in  the  above  paragraphs  and  round  out  the  data  on  propellant  decomposition. 

A  series  of  tests  were  conducted  which  involved  bubbling  O2.  CO2.  and  CO  through  the 
propellants  at  a  constant  flow  rate  at  ambient  temperature  and  temperatures  near  the  propellant 
boiling  points,  to  determine  the  effects  of  contact  with  air  on  propellant  decomposition.  Since  the 
information  obtained  in  the  literature  survey  previously  described  indicated  that  CO2  reacts  with 
UDMH  and  is  soluble  in  N2O4.  CO2  tests  with  these  propellants  were  not  carried  out.  As  no  reaction 
between  N2O4  and  oxygen  was  likely,  this  test  also  was  not  made.  Table  17  shows  the  results  cf  the 
tests  actually  conducted. 

These  results  indicate  that  CO  does  not  decompose  UDMH.  N2H4.  or  N2O4  at  ambient  or 
at  temperatures  near  the  propellant  boiling  points.  Tests  conducted  at  ambient  temperature,  by 
bubbling  02  through  UDMH  and  N2H4,  definitely  indicated  decomposition  so  further  tests  at  higher 
temperatures  were  not  considered  necessary.  Tests  with  N2H4  and  CO2  were  terminated  shortly 
after  starting  because  of  the  formation  of  a  heavy  white  precipitate  of  carbazic  acid  (NH2NHCOOH) 
(Reference  4).  In  view  of  the  rapidity  of  this  reaction  at  room  temperature,  no  further  tests  of 
CO2  and  N2H4  were  deemed  necessary. 

Another  series  of  tests  were  conducted  to  determine  the  effects  of  manufacturing  dirt 
on  propellant  decomposition. 

In  the  first  test,  three  different  amounts  of  three  contaminants  were  added  to  eight  ounce 
ground  glass  stoppered  flasks  containing  approximately  three  ounces  of  UDMH.  The  contaminants 
were  type  6061-Tr>  aluminum  chips,  type  347  stainless  steel  chips,  and  lint.  Test  duration  was  24 
days  at  ambient  temperature.  As  can  be  seen  in  Table  18.  analysis  obtained  on  the  17th  day.  and  at 
the  end  of  test,  indicate  that  no  decomposition  occurred. 

A  second  series  of  tests  with  UDMH  was  conducted  at  IBO^F.  In  this  case,  only  tin- 
highest  concentration  of  the  three  contaminants  was  added  to  eight  ounce  flasks  fitted  with  reflux 
condensers  and  placed  in  a  constant  temperature  bath. 
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This  tf'st  proccc-cic-d  for  a  pi  riod  of  sc'vcn  days  at  160°F.  Analytical  results  obtained 
before  and  after  test  can  lx  seen  in  Tal»l<‘  1ft.  These  results  indicate  that  the  contaminants  tested 
have  no  effect  on  the  UDMIl  at  ele\’;iti'd  teinpf  ratur<‘S. 

The  ne.\t  series  of  tests  conducted  was  the  same  as  the  first  series  except  that  hydrazine 
was  used  in  place  of  UDMH.  Analytical  results  and  coiici'nt  rat  ions  useti  are  shown  in  Table  18. 

These  results  also  indicate  that  these  contaminants  luive  no  effect  (»n  tiu  N2H4  at  ambient  temperature. 

The  fourth  series  of  tests  conducted  was  the  .same  as  the  second  series  except  that  N2H4 
was  used  in  place  of  UDMH.  Analytical  results  as  shown  in  Table  19  ^ive  no  evidence  of  propellant 
decomposition  at  160  F. 

The  fifth  and  sixth  series  of  tests  were  conducted  with  N2O4,  first  at  temperatures 
appro.xiniately  40  F  and  then  at  TCF.  The  flasks  used  were  similar  to  those  mentioned  in  the  above 
tests  but  in  place  of  condenser.s.  vapors  were  retained  in  the-  elevated  temperature  tests  by  enclosing 
the  flasks  in  a  container  made  of  aluminum  and  holding  flask  stoppers  down  by  compressing  the  lid 
of  the  box.  The  container  had  port  hob's  so  tluit  visual  ohsi'rvations  ccjuld  be  made  from  time  to  time. 
Tables  20  and  21  show  the  H'st  details  and  rc'sults.  No  propellant  decomi)osition  was  apparent. 

3.  Purging  and  Pressurization 

The  tests  for  determining  the  efft'cts  of  high  tempc'rature  nitrogen  on  liquid  propellant 
decomposition  were  conducted  using  the  test  apparatus  as  shown  in  Figure  17.  Preliminary  tests 
using  water  as  the  expelled  liquid  were  conductc-d  to  calihratt'  the  {■fpiipment  and  to  provide  data  as 
a  reference  for  indications  of  reactions.  A  tim<‘  history  curv»‘  of  rei)re.sentative  data  accumulated 
during  these  tests  is  shown  in  Figure  18.  Test  <'onditions  prior  to  thc'  e.xpulsion  of  the  water  included 
preheatitig  the  nitrogen  in  the  nitrogen  tank  t(t  approximately  1000  F.  The  water  was  preheated  In  a 
separate  l»ath  to  approximately  200  F.  Rt  ference  .0  the  schematic  (Figure  17)  will  show  the  approxi¬ 
mate  locations  of  this  equipment.  The  temperature  of  the  i)ressuri7.ing  gas  is  controlled  by  an  elec¬ 
trically  heated  sand  hath.  A  similar  arrangement,  although  not  shown  on  the  schematic,  was 
employed  to  control  the  liquid  hulk  tt'inperature.  The  nitrogen  tank  was  pressurized  prior  to  heating 
to  a  predetermined  value  Pj  hy  the  equation:  _  T’lP2 

‘  *  T2 

When  the  nitrogen  tt-mperature  and  pressure,  and  the  liquid  temperature  were  stabilized 
to  run  condition,  the  recordc'fs  were  turned  on  the  nitrogen  jtressure  was  increased  by  increasing 
the  system  pressure  with  the  Grove  loader  (A)  ’intil  the  shear  disc  (B)  ruptured  at  approximately 
1050  psig.  Pressure  switch  (C).  located  in  the  propellant  discharge  line,  initiated  propellant  flow  at 
a  lank  pressure  of  1000  psig.  Th<'rmo<'ouj)b*s  and  pressure  transducers  were  located  as  shown  in 
Figure  17. 

Tj  measures  inlet  gas  temperature  of  propelhint  tank 
T2  measures  gas  temperature  «»f  ullage  of  propellant  tank 
T3  measures  liquid  temperatuiM'  in  the  propi'llant  tank 
T4  -  pressurizing  gas  tank  temperature 
Pj  upstream  of  check  valve 

P2  =  downstream  of  check  valve 
P3  pressurizing  gas  tank  pressure  (top) 

P4  propellant  tank  gas  pressure  (top) 

P5  propellant  tank  liquid  pressure  (bottom) 
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a.  N2O4  Tests 

System  preparation  prior  to  tc'sts  with  N2O4  iiu  luded  a  pickling  process  with  a  solu¬ 
tion  of  nitric  acid,  hydrofluoric  acid,  and  water  at  140’F.  Api)ro.\imately  1.5  quarts  of  N2O4  were 
loaded  in  a  two-quart  347  stainless  steel  propellant  tank.  The  N2O4  tests  were  conducted  at  an 
ambient  temperature  of  aiiproximately  70  F.  The  nitrogen  temi)erature  was  increased  to  1120'’F. 

With  reference  to  Figure  19.  Ti  (propellant  tank  inlet  temperature)  is  initailly  affected  by  the  vapor 
temperature  of  the  liquid.  This  temperature  shows  an  increase  during  the  course  of  the  run  to  a 
temperature  of  475  F.  The  temperature  in  the  ullagi*  space,  however,  increased  at  a  relatively  slow 
rate  until  at  propellant  exhaustioa  the  ma.ximum  tc'inperature  increased  to  190  F. 

b.  UDMH  Tests 

System  preparation  prior  to  tests  with  UDMH  included  a  system  flush  procedure 
with  methylene  chloride,  methanol,  methylene  chloride,  and  hot  (160  F)  N2  purge.  The  system  was 
then  loaded  with  a  20' , -by-weight  solution  of  N2H4  and  heated  to  ICO  F  for  a  two  hour  period. 

Results  of  these  tests  with  UDMH  are  shown  in  Figure  20.  It  will  bi'  noted  that  although  the  UDMH 
was  preheated  to  140  F,  the  tempc'rature  traces  are  similar  to  the  N2O4  tests. 

c.  N2H4  Tests 

Additional  system  preparation,  other  than  an  N2H4  flush,  was  not  considered 
necessary  following  the  UDMH  tests.  N2H4  tests  were  conducted  at  two  propellant  temperatures. 

170  and  223  F  (Figures  21  and  22).  The  temperature  traces  for  each  run  comjrare  with  those  of 
N2O4  and  UDMH.  An  additional  run  was  attempted  to  substantiate  this  finding  at  225  F.  During 
pre-run  temperature  conditioning,  with  the  jiropellant  temperature  at  143  F  and  an  ullage  tempera¬ 
ture  (T2)  of  290  F.  a  tank  rupture  occurred.  The  design  burst  i)ressure  of  the  tank  used  was  2500 
pslg.  No  apparent  reason  is  known  for  this  sudden  violent  reaction  since  this  system  was  used  for 
UDMH  and  N2H4  on  the  |)rcceding  tests. 

It  is  recommended  th.it  additional  tests  be  conducted  to  substantiate  these  findings  with 
larger  quantities  of  propellants,  increa.sed  surfac('-io- volume  relationshij).  higher  temperatures, 
and  at  various  pressurizing  rates. 

Based  on  the  (  .xperii  nces  of  otluo-  activities  and  those  at  Bell  Aerosystians  Company, 
it  is  apparent  that  by  pressurizing  both  N2O4  and  UDMH  within  the  ti'mijcrature  range  covered  by 
these  tests,  no  propellant  decomposition  is  e.xirected.  To  determine  the  safe  operating  limitations 
with  N2H4.  more  tests  should  be  conducted  as  mentioned  above. 

4.  Temperature  Limits 

Complete  iirformation  c(»ncerning  the  effect  of  temperature,  time,  and  container  material 
on  propellant  storage  properties  was  not  found  during  the  literature  survey.  The  information,  which 
was  found,  concerning  different  phases  of  this  work,  follows. 

Arthur  .1.  Grant.  .Ir.  (Reference  55)  reported,  at  an  AREXH  Industrial  Symposium,  that 
some  N2H4  decomijosition  occurs  at  all  normal  temiiiTatures  and  that  the  rati'  of  decomposition 
depends  on  the  material  with  which  it  is  in  contact.  With  most  18-8  stainless  steels,  and  aluminum, 
the  rate  of  decomposition  is  negligible  up  to  a  temperature  as  high  as  300  F.  At  160  V.  di-composi¬ 
tion  is  barely  detectable.  At  500  F,  e.xplosive  conditions  are  reached. 
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Shock  St  iisitivity  losis  witli  I  DMII  and  N2H4  have  l)c<-n  determined  usin^;  a  mexlified 
Bureau  of  Mines  standard  card  t;ai>  test.  'I'liene  t<  sts  \vi  re  made  at  aijproxiniately  18  F  Ijelow 
boiling  |>oints.atid  the  results  indicate  tliat  butli  I'DMH  and  N2H4  were  relatively  insensitive 
(nefi'reacr  15  atid  Table  22). 

Table  23,  coini>iled  originally  by  A.  G.  Thatclier  (Ib  ferencf  10)  summarized  some  of  the 
recent  rc'sults  frotii  a  lalK)ratory  lK>mb  typi'  detonation  test  progrtim  for  N2H4  and  UDMH  blends.  The 
results  indicate  the  marked  detonation  suppia'ssion  (pialities  of  reasonably  small  iidditiftns  of  UDMH. 
Details  of  tht'se  tests  were  tiof  described  in  thc‘  reitort. 

Ai'fojet -Getieral  Corporation  has  conducted  vapor  phtisc-  thermal  stability  tests  of  N2H4 
and  N2H4  mi.xtures.  A  laboratory  apparatus.  mad<‘  of  tyia  s  347  and  17-7  PH  stainless  steel  and 
designed  to  d<'terniim'  the  relati\'e  thermal  stability  of  vaporized  fuels,  was  used.  The  rate  of 
pressure  increasi'  during  deci)mi)osit ion  induced  by  thermal  shock  Irom  a  tantalum  wire  was 
measured  as  the  indication  ol  relative  thermal  stiibility.  UDMH  and  ammonia,  as  additives,  reduced 
the  rate  of  vapor  phase  thermal  .lecoinposition  ol  the  N’2H4.  (Referenct'  5C). 

The  catalytic  activities  of  metal  surfac<s  (Reference  57)  wert'  studied  by  inserting 
strips  of  metal  into  pyrex  ampouh's  helore  tilling  with  N2H4.  and  raising  the  combinatirni  to  tempt'ra- 
tures  above  the  lioiling  imitil  ol  N'2H4.  In  general,  this  caused  a  large  increast'  in  rate  of  decomposi¬ 
tion  over  liiat  obtained  in  pyre.x  alone.  Typ«'  A  nickel,  aluminum,  and  stainless  steel  302  were  studied, 
and  the  least  active  of  tlu’  untiuated  (unpassivated)  specimens  was  aluminum.  At  the  temiierature  at 
which  the'  runs  were  made,  the  resulting  decomposition  was  attributed  almost  completi  ly  to  the 
presence  of  tlu-  metal. 

Aci'ording  to  Aerops -General  (Hel«  renc<'  21).  NOTS  Report  NAVORD  f))G9  contains 
curves  of  pressure  versus  time'  f<ir  the  three  propellants  under  consideration  at  300  and  250  F. 

These  curves  indicate  that  UDMH  and  N’204  would  oresent  no  )>roblem  at  300  P'.  N2H4  would  de¬ 
compose  with  time.  Howe\er.  the  time  im  iitioned  in  this  re|)ort  was  relatively  short  in  comiJarison 
to  the  three-month  period  recpiired  in  this  program. 

Since  thi'  informatioti  rcle  re  in-ed  atiove-  did  not  give  all  the  data  rixiuirc’d,  the  following 
series  of  ti'Sts  wert'  conducted. 

The  first  tests  in  this  .scries  were  conducted  with  small  airborne  tyiie  tanks  of  types  347 
and  PH  15-7  Mo  stainless  steel.  GOGl-TC  aluminum,  and  C  120  AV  titanium,  to  determine  the  effect  of 
high  temperature  (300  10  F  f(»r  UDMH  and  N2H4,  and  270  10  F  for  N2O4).  lime,  and  material  on 

the  stability  tjf  the  three  propellants. 

The  second  set  of  tests  in  the  series  was  designed  to  determine  the  effect  of  low  tempera  ¬ 
ture  (-65  :10  F  for  UDMH  ;ind  N2H4,  and  -20  10  F  for  N2O4).  time,  and  material  on  the  stability  of 

the  three  propellants. 

The  third  set  of  tests  in  the  serict  was  designed  to  give  a  t'ornbitiatii'”  of  the  other  two. 
This  test  involved  cycling  fixmi  -40  to  300  F  ior  UDMH.  -20  to  300  F  for  N2H4.  ai.d  -20  ttj  270  F 
for  N2O4  using  the  same  uilage  and  tanks  specified  for  the  first  tests. 

a.  Elevated  Temperature  Tests 

The  first  tests  with  UDMH  and  N2H4  at  300  •  10  F  were  run  with  type  347  stainless 
steel  and  G061-T6  aluminum  ttinks.  Tanks  of  PH  15-7  Mo  stainless  steel  and  titanium  had  not  been 
received  from  the  vendor,  at  this  point,  and  could  not  l)e  included  in  these  early  tests.  Tank  size, 
material  of  construction,  propellant  haded,  and  ullage  used  are  given  in  Table  24.  (The  term  ’’ullage" 


AFFTC  TR-60-G1 


7 


in  this  rc)xirt  means  the  vaj)or  space  above  the  liquid.)  The  tanks  were  hydrcjstatieally  tested  aceord- 
int;  to  a  standard  military  specification  (Reference  88).  The  stainless  steel  tanks  were  pickled  with 
a  nitric  acid/hydrofluoric  ac-id/water  mi.xturc  (Reference  60).  and  the  aluminum  tanks  were  |)ickled 
with  a  sodium  dichromate/sulfuric  acid  .solution  (Reference  61).  These-  tanks  were  mounted  on  a 
cross  bracket  and  placed  in  an  oven  as  shown  in  Fipares  23  and  24.  Note,  in  Fit;ure  24.  that  the 
four  tanks  mounted  on  the  b.ick  side  of  the  cross  bar  were  loaded  witli  N2H4  ;ind  designated  1  through 
4  from  left  ti)  right,  and  the  four  tanks  mountc-d  on  the  front  side  of  the  cross  l)ar  were  loaded  with 
UDMH  and  are  designated  5  tltrough  8  from  left  to  riglit.  Eticlt  of  the  tanks  was  eejuipped  with  a 
visual  pri-ssure  gauge,  vent  valve,  temperature  probe,  and  a  600-psi  designed  burst  itressure  shear 
disc.  These  discs  were  connectc-d  via  a  common  dischai'ge  iine  to  a  water  pcjt  located  outside  of  the 
cell  used.  Tanks  were-  tlien  fillc-d  with  propc-llants  at  amliient  temperature  to  the  ullage  designated 
in  Table  24.  The  ullages  used  were-  selected  on  the  basis  of  the  tlu-rmal  e.xiiansicjn  of  each  propellant, 
and  to  compare-  data  for  two  diffc-rc-nt  ullages.  The  sealed  system  was  c-.'ciimincd  for  leaks  before 
and  after  loading  propc-llants.  Aftc-r  the  systc-m  was  found  to  lx-  free  from  leaks,  the  test  was 
started.  Pressure  rise-rate-,  for  the  first  five-hour  lu-ating  to  the-  desired  temperature,  for  the 
N2H4.  average-d  15  psig 'hour,  and  for  the-  UDMH.  appro.\imat(-ly  11  psig/hour.  After  the  temi)cra- 
ture  stabilized  at  300  :10  F.  tanks  2,  3,  and  4.  containing  N2H4.  eontinuc-d  t(j  show  a  pressure  rise- 
rate  of  appro.ximately  26  psig  'hour  while-  tank  1  taperc-d  off  to  ;ipi)ro.ximately  1  psig/hour  (Figure  25). 
Tanks  5  through  8.  containing  UDMH.  after  the  first  five-  hours  tapered  off  to  approximately  0.7 
psig/hour  (Figure  20).  The-  pressure  rist-s  in  the  N2H4  tanks  indicatc-d  that  the  burst  pressure  of 
the  shear  discs  on  tanks  2.  3.  and  4  would  be  reached  in  aiiprtj.ximately  23  and  24  hours.  The  rate  of 
pressure  rise  of  tank  1.  indicat e-d  that  the  i)urst  pressure-  would  not  be  rc-ached  for  a  considerable 
length  of  time.  This  indictition  was  also  true  f.jr  tanks  5  through  8.  containing  UDMH.  After  16 
hours  of  continued  lu-ating  at  290  F.  an  explosicjii  occurred  dc-molishing  the  oven  and  part  of  the 
building  (Figures  27  and  28).  Subsc-quent  investigation  pointed  10  decomi)osition  of  N2H4  in  stainless 
steel  tank  2  which  shattered,  sending  shrapiu-l  at  the  othe  r  sevett  tanks,  causing  tiinks  1  and  4  to 
rupture.  Damage  to  the  tanks  is  shown  in  Figures  29  and  30.  The-  pressure  rise  was  beyond  the 
normal  vapor  pressure  of  N2H4  at  290  F.  This  indicated  that  catalytic  dccomj)osition  was  occurring. 
However,  the  rate  was  constant,  giving  no  indication  of  a  p(;ssible  i-.xplosion.  Later,  tank  3  was  cut 
oiien  and  found  to  contain  Itrown  iron  oxide  deposits  on  the  weld  surfaces.  From  this  it  was  judged 
that  the  e.xjilosion  was  probably  causc-d  by  the  catalytic  decomposition  of  the  N2H4  duo  to  these 
deposits.  This  conclusion  was  substantiatt-d  during  two  attempts  which  wt-re  made  subsequently  to 
duplicate  conditions  which  caused  the  explosion. 

In  the  first  rei)eat  test,  a  stainless  stet-l  tyi)i-  347  tank  was  processed  as  in  the 
orginal  tost  and  loaded  with  N2H4  at  the  same  ullage  as  tank  2.  A  visual  inspection  of  the  inside 
surface  of  the  tank,  itrior  to  loading,  indicatc-d  a  small  amount  of  brownish  residue  on  the  weld 
surface.  This  residue  was  nca  rt-moved.  in  order  that  the  tc-st  condition  would  be  the  same  as  for 
the  original  test.  The  tank  was  immersc-d  in  a  sand  bath,  contained  in  a  mild  steel  drum  which  was 
located  outdoors  (Figure  31).  This  mitiimized  the  possibility  of  damage  due  to  an  explosion.  The 
bath  was  heated  with  Calrod  immersion  heaters  and  the  temperature  was  thermostatically  controlled. 
During  the  24  hours  of  the  first  rei)eat  tc-st.  the  ma.ximum  pressure  obtained  was  14^  psig;  however, 
this  was  due  to  inadvertent  attainment  of  a  temperature  of  377  F'.  The  average  pressure  and  iem- 
perature.  excluding  the  141  psig  at  377  F.  was  108  psig  at  305  F  (Figure  32).  The  second  repeat 
test  was  made  with  the  same  exjuipment  but  fresh  propellant.  Test  duration  was  appro.ximately  50 
hours  with  shutdowns  at  the  end  of  the  second  shift  (approximately  12-14  hours  at  temperature). 

The  maximum  pressure  was  91  psig  (Figure  33). 

These  tests  indicate  that  the  tank  became  conditioned  because  it  was  e.xj)o.sed  to 
300''F,  and  above,  with  concentrated  N2H4.  resulting  in  only  a  gradual  rise  in  pressuhe  as  comparc-d 
to  the  original  test.  These  tests  also  indicate  that  the  decomposition  rate  of  N2H4  is  such  that  long 
term  tests  at  constant  temperature  in  tanks  which  have  been  properly  cleaned  and  conditiexu-d  seem 
permissible.  Analysis  of  the  N2H4,  before  and  after  test,  showed  only  slight  decompc'sition  (97.57 
at  the  start  and  97.14'(  after  test). 
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It  was  tht'n  dt'fided  to  ronduc-t  separate  tests  usint;  the  above  mentioned  system 
with  PH  15-7  Mo  stainless  steel,  6061-T6  aliiniinum.  and  C  120AV  titanium  alloy  tanks.  These 
tanks  were  conditioned  and  tested  for  a  24-hour  pc-riod. 

At  th*s  point,  further  temperature  limits  testinn  was  transferred  to  an  area  wnere 
better  provisions  could  be  made  to  cope  with  potential  hazards  involved. 

During;  the  time  rcHjuired  to  set  up  operations  at  the  new  site,  the  two-quart  PH 
15-7  Mo  stainless  steel  and  C  120AV  titanium  tanks  arrived  from  Benson  Manufacturing  Company. 
Using  these  tanks  and  two-quart  6061-T6  aluminum  and  type  347  stainless  steel  tanks,  three  series 
of  tests  were  started  with  UDMH  and  N2O4. 

In  each  case,  operations  commenced  with  determining  tank  volume  by  calibration 
with  water.  This  was  followed  by  pickling  in  accordance  with  Reference  61.  As  an  added  precaution, 
tanks  intended  for  fuel  tests  were  filled  with  dilute  (35'i  by  volume)  UDMH  and  held  at  190  t  '"O'^'F  for 
one  hour,  after  which  they  were  drained,  blown  dry  with  nitrogen,  and  capped.  After  the  propellant 
to  be  used  for  a  given  series  of  tests  was  analyzed,  the  taiiks  were  loaded  with  enough  liquid  to  give 
a  predetermined  ullage  at  loading  temperature.  Loading  was  accomplished  by  thefollowing  procedures. 

The  fuel  tanks  were  evacuated,  then  filled  with  nitrogen  to  provide  an  inert 
atmosphere.  The  UDMH  drun  was  pressurized  to  force  fuel  into  a  graduated  dropping  funnel  via 
stainless  steel  and  Tygon  tubing.  The  correct  volume  of  fuel  was  then  allowed  to  flow  into  each 
tank,  displacing  nitrogen  during  the  process. 

The  o.vidizcr  tanks  were  fitted  with  a  fill  line  connected  to  an  N2O4  cylinder,  and  a 
vent  line  to  carry  away  NO2  fumes.  The  assen  >ly  was  put  on  a  scale  and  the  cylinder  valve  opened. 
Due  to  the  low  ambient  temperature,  the  liquid,  driven  by  its  own  vapor  pressure,  flowed  from  one 
tank  to  the  other. 


Each  tank  was  then  mounted  in  an  appropriate  bath  and  after  burst  discs,  thermo¬ 
couples.  and  pressure  gages  wer<'  satisfactorily  installed,  temperature  control  was  started.  There¬ 
after,  pressure  and  temperature  readings  wi're  taken  at  regular  intervals.  Detailed  information 
about  each  series  of  tests  follows. 


Three  elevated  temperature  (300  :  10  F)  tests  wore  performed  wi'h  N2H4  in 
6061-T6  aluminum.  C  120AV  titanium,  and  PH  15-7  Mo  stainless  steel  tanks,  loaded  to  a  40'( 
ullage  after  conditioning,  and  [tlaced  in  a  command  sand  l)ath.  Within  three  hours  after  the  start 
of  heating  to  300  F,  an  explosion  occurred  shattering  the  PH  15-7  Mo  tank  and  slightly  damaging 
the  other  two.  One  mine’r-  prior  to  the  exiJlositrn,  a  pressure  of  50  psig  and  a  temperature  of  298° F 
were  recorded  for  the  PH  15-7  Mu  tank,  see  Table  25.  The  damage  was  confined  to  the  test 
apparatus  which  was  set  up  outaoors  behind  a  bunker,  see  Figure  34.  Examination  of  the  tank 
fragment  disclosed  no  evidence  of  corrosive  attack.  Fragments  of  shattered  tank  are  shown  in 
Figure  35.  These  observations  indicate  that  the  explosion  was  caused  by  spontaneous  catalytic 
decomposition.  As  a  direct  result  of  this  expiosion,  further  N2H4  tests  at  300° F  were  confined  to 
6061 -T6  aluminum  and  C  IzO  AV  titanium. 

The  remaining  two  tanks  (6061-T6  aluminum  and  C  120  AV  titanium),  after  being 
rechecked  hydrostatically,  cleaned,  and  conditioned,  were  placed  back  in  test.  These  tanks  were 
loaded  to  40'^?  ullage  with  N2H4  and  held  at  300  F  for  a  period  of  24  hours.  Decomposition  was  noted 
for  both  tanks  as  indicated  by  pressure  versus  temperature  curves  (Figures  36  and  37).  Chemical 


AFFTC  TR-60-16 


9 


analysis,  as  shown  in  Tal)lc  26,  confirms  thi.s.  This  test  showed  tiuit  the  order  of  preference  of  tank 
material  tested  at  high  temperature  (SOO’F)  with  N2H4.is  as  follows: 


(1)  6061 -T6  Aluminum  (3)  Type  347  Stainless  Steel 

(2)  C  120  AV  Titanium  (4)  Type  PH  15-7  Mo  Stainless  Steel 

Eight  elevated  temperature  (300  :  10  F)  tests,  with  UDMH,  were  conducted  for  a 
three-month  period.  These  involved  one  tank  of  each  material  previously  mentioned  filled  to  an 
ullage  of  25' (,  and  another  to  an  ullage  of  45' <-  Figure  38  shows  the  tanks  installed  in  an  oven. 

Figure  39  shows  the  pressure  gages  mounted  on  a  wall  outside  the  building  housing  the  oven.  The 
burst  disc  assemblies  are  just  visible  alx»ve  the  gage  panel.  A  cross  section  of  the  temperature  and 
pressure  data  gathered  is  given  in  Table  27. 

As  can  be  seen  liy  insepetion  of  this  tal)le,  the  tests  were  interrupted  on  the  fifth  day 
because  of  leaks  at  the  Teflon  vapor  seals.  Subsequently,  oversized  Teflon  seals  were  installed  and 
the  tests  proceeded  without  incident  to  the  twentieth  day  when  leaks  again  were  detected.  At  this 
point,  it  was  decided  to  switch  to  tiutyl  rubb<*r  seals.  During  thi.s  installation  change,  the  propellant 
was  analyzed  and  judged  acceptaljle  for  continuation  of  the  tests.  Analytical  results  before  test,  and 
at  that  point,  are  given  in  Tal)le  28.  By  the  32nd  day.  the  new  seals  were  installed  and  high- 
teniperature  testing  resumed. 

No  further  leaiinge  was  detected  throughout  the  test  iieriod.  The  tesi  was  shut  down, 
however,  from  the  64th  to  the  72fid  day.  to  allow  disassembly  of  UDMH  cycle  (-40  to  300  F)  tests 
which  were  complete  at  this  point.  The  elevated  temperature  test  was  again  interrupted  from  the 
88th  to  the  89th  day.  so  that  a  cold  box  could  be  installed  in  the  cell  for  low  temperature  (-65°F) 
tests. 


Other  than  the  une.xjjected  difficulty  of  sealing  UDMH  tanks  at  elevated  temperatures, 
no  basic  problems  were  encountered.  Pressure  readings  up  to  the  75th  day  of  lest  were  consistently 
equal  to  or  lower  than  the  vapor  pressure  of  the  UDMH.  indicating  no  decomposition.  However,  after 
the  75th  day.  a  slight  increase  in  vapor  pressure  was  noted  in  both  of  the  PH  15-7  Mo  stainless  steel 
tanks,  indicating  some  decomposition.  Analysis  at  the  end  of  test  (Table  29)  confirmed  this.  The 
initial  and  10',  boiling  point  ranges,  as  well  as  density,  were  below  minimum  specification.  Food 
Machinery  and  Chemical  Cori)oration  consultants  indicated  that  this  was  caused  by  the  decomposition 
products,  dimethylamine  and  ammonia.  In  the  remaining  six  tanks,  which  were  made  of  6061-T6 
aluminum,  C  120  AV  titanium,  and  type  347  stainless  steel,  analysis  of  the  UDMH  disclosed  no  de¬ 
composition  in  the  aluminum  and  titanium  tanks,  ard  only  a  slight  amount  in  the  tyj)c  347  stainless 
steel  tank. 


Under  the  conditions  tested.  UDMH  proved  stable  in  6061-T6  aluminum  ■  1  in 
C  120  AV  titanium,  and  fairly  stable  in  types  347  and  PH  15-7  Mo  stainless  steel. 


Four  elevated  temperature  (270  +  10°F)  tests  with  N2O4  were  begun  on  1 
February  1960.  One  tank  of  each  material  specified  above  was  filled  to  an  ullage  of  30'(  mounted 
in  an  oven.  The  ovens  and  associated  lines,  gages,  and  valves,  are  shown  in  Figure  40  i  a 
building  in  an  attitude  such  that  temperature  and  pressure  readings  can  be  made  from  o  <le.  A 
cross  section  of  the  data  obtained  is  shown  in  Table  30. 


Inspection  of  this  table  shows  a  lack  of  data  for  the  titanium  tank.  'Thi;  '»ecause 
the  tank  was  removed  from  test  before  test  conditions  stabilized.  Removal,  in  turn,  was  i.  .  c  ic 
fact  that  shortly  after  the  propellant  reached  temperature,  NO2  fumes  were  seen  and  subsequiiuly  ' 
traced  to  the  titanium  tank.  The  propellant  was  removed  and  submitted  for  analysis.  The  tank  was 
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O'- 'I-  it 'I'd  visually  and  slinwi'cl  iu>  ciuTosion  imMlucts.  Two  pin-hole  leaks  were  disc-overed  at  the 
welds.  I.  ■••er,  when  the  tank  was  hydrostalieally  tesl<'d.  The  tank  was  returned  to  the  vendor  for 
repair.  Ai.  lysis  of  the  projiellant  at  this  p«jiiit  and  at  the  h<‘ninnintt  of  te.st,  as  shown  in  Table  31, 
indieated  no  aitpreeiable  (•hann<'  in  etmijiosit ion  durini;  t»-st.  While  waiting  for  repairs,  information 
was  found  in  the  literatuii  (References  62.  63,  and  64),  whicli  mitigated  at^ainst  restart  of  this  par¬ 
ticular  test.  It  was  reported  that  titanium  tends  to  react  with  oxidi/aTs.  such  as  RFNA  and  fluorine, 
to  form  dejiosits  which  decomi>ose  with  ureat  violence  under  slit;ht  provocation.  Consequently,  only 
the  test  with  the  N2O4  stored  in  the  titanium  tank  at  a  temperature  ran^intt  from  90  to  irjO''F  was 
conducted,  and  this  witlt  provision  to  detonate  any  unstable  deitosits  by  remote  control.  This  test 
will  be  discussed  later  in  this  s«‘ction. 

Taken  as  a  whole,  test  data  with  the  remainititt  tanks  indicate  that  all  (jf  them  are 
satisfactory  for  hinh-lempcraturi'  storaue  of  N2O4.  Pressures  observed  ’re  lajnsistenl  with  N2O4 
vapor  pr<‘ssure  data  and  were  proport  on.il  to  tempc-rature. 

The  analysis  of  the  N2O4.  as  shown  in  Tabh'  31.  was  unchantied  i‘Xcepl  for  a  tract- 
of  ttitric  acid,  found  hy  sitectral  means,  and  an  indication  of  the  entry  of  water.  Visutil  examination 
disclosed  salt  deposits  and  indicated  definite  attack.  Salts,  which  were  found  in  the  tyjtes  347  and 
PH  15-7  Mo  stainless  steel  tanks,  onsisted  primarily  ol  hydrated  iron  nitrate,  and  in  the  6061-T6 
aluminum  tank,  consisted  |>rimarily  of  hydratt>d  aluminum  nitrate  witi)  a  truce  <.f  hydrutt'd  iron 
nitrate.  The  hydrated  iron  tiitrate  in  tin  aluminum  tank  probably  .ami-  itrimarily  from  the  stainless 
steel  thermocouple  iirobes  used.  Tiie  observations  and  analysis  seem  to  indicate  that  at  270  F.  some- 
of  the  wafer  whiidi  had  bet  ti  in  the  system,  or  was  picked  uj)  duriti^  the  te.st.  reacted  with  N2O4  to 
form  HNO3.  This  in  turn  reacted  with  the  iron  and  aluminunt  to  form  irt)n  and  aluminum  nitrate 
which  absorbed  wafer  to  form  the  hydrates  of  both  nitrates.  Consequently  when  the  N2O4  was 
a.wlyzed  there  was  little  increase  in  water  content.  The  salts  formed  were  evidently  insoluble  in 
N2O4.  thereby  showing  no  increase  in  total  solids  when  an  analysis  was  made. 

1).  Low  Temperature  Tests 

Einht  low  temperature  (-65  F)  ttsts.  four  with  I'DMH  and  four  with  N2H4.  com¬ 
pleted  one-tnonth  stora^t-.  One  tank  of  each  material  (types  347  and  PH  15-7  Mo  stainless  steel. 
6061-TC  alumitium.  and  C  120  AV  titanium)  was  loaded  to  an  ulhme  of  25  -  with  UDMH.  and  to  20'( 
with  N2H4.  The  tanks  were  mounted  In  an  insulati‘d  box  which  was  cook-d  by  meaiis  of  a  refrigerant. 
No  ijressures  were  la-corded  throui^hout  the  te.st  jx-riotl.  Tabk-  32.  and  analytiial  results,  as  shown 
in  Table  33.  indicate'  no  de'compositior)  occurred.  Visu.il  inspc-ction  of  ihi'  interior  oi  eai-h  tank 
disclosed  no  evidence  ol  ati:u  k.  Accordin^^ly,  tie  preference  e-an  be'  state'd  for  e)ne'  tank  material 
over  anejther  at  low  temperature-s. 

Three'  low  te'inpe'rature'  (-20  F)  te'Sts  with  N2O4  we're  e'e)nducted  over  a  one-month 
period.  These  tests  involved  only  the'  347.  PH  15-7  Mo  staink'ss  steel,  and  0061-T6  aluminum  tanks. 
Nej  pre'ssures  were  eebserved  durin^t  the  te-st  perieed.  and  analytical  rt'sults.  as  shown  in  Table  34.  as 
well  as  visual  injisee-tion  of  the'  inteTior  of  tlu'  tanks,  inctie-ated  ne)  de'e  e)mposition  or  attack. 

c.  Temperature'  Cycle  Te.sts 

Six  temperature  cye-linn  (-80  to  300  F)  tests  with  N2H4  were  completed  with  six 
weeks  storage.  These  involved  two  tanks  each  of  three  materials.  347  stainless  steel,  6061-T6 
aluminum,  and  C  120  AV  titanium.  One  tank  of  each  set  filled  fo  20‘(  and  the  other  to  40'(  ullaiie. 

The  tanks  were  mounted  with  fittings  equivalent  to  those  used  for  the  UDMH  temperature  cyclint; 
tests,  and  temperature  cyclinn  was  effected  in  much  the  same  manner. 
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Decomposition  pressures  observed  during  the  lest  period  reached  as  high  as  50 
psia.  It  is  assumed  that  the  decomposition  was  relatively  low  because  of  the  nature  of  the  test. 
Where  temperature  was  kept  at  300“F  for  tong  period  of  time,  much  higher  pressures  were  ex¬ 
perienced. 


A  cross  section  of  the  temperature  and  pressure  data  for  the  entire  test  period 
is  given  in  Table  35.  Analytical  results,  as  seen  in  Table  36,  substantiate  the  claim  that  only  a 
small  mount  of  decomposition  occurred.  Further  confirmation  was  obtained  upon  visual  examination 
of  the  interior  of  each  tank  which  showed  no  signs  of  corrosion. 

Under  these  tost  conditions,  no  preference  can  be  made  for  any  of  the  container 

materials  tested. 


Eight  temperature  t-ycling  (-40  to  300  F)  tests  with  UDMH  were  terminated  after 
two  months.  These  too,  involved  one  tank  of  each  maii-rial  (PH  15-7  Mo.  347  stainless  steel. 
6061-T6  aluminum,  and  C  120  AV  titanium)  filled  to  25'(  and  another  to  45'(  ullage.  Tanks  were 
mounted,  with  fittings  eciuivalent  to  those  used  at  300'^F.  in  an  insulated  box  and  temperature  (cycling 
was  effected  as  follows. 

Heaters  in  a  second  b(»x  are  turned  on  and  hot  air  is  i)assed  into  the  box  containing 
the  tanks  until  the  temperature  reaches  300  F.  This  takes  apiiroximately  eight  hours.  The  heaters 
are  then  turned  off  and  the  proi>ellant  cools  to  ambitMU  temperature  in  about  12  hours.  Dry  ice  is 
added  to  the  second  box  and  cold  air  is  passed  over  the  tanks  until  the  i)r(jpellant  reaches  -40°F. 
This  also  takes  about  eight  hours.  The  cold  air  flow  is  then  stopped,  and  the  propellant  allowed  to 
rise  to  room  temperature.  This  takes  al)out  12  hours  and  comi)letes  one  cycle.  A  cross  section  of 
the  temperature  and  pressure  data  f(»r  the  entire  test  pericxi  is  given  in  Table  37.  As  with  the 
300'’F  test,  the  sequence  was  interrupted  on  the  5th  and  20th  day  for  seal  replacement.  Analytical 
results,  as  shown  in  Table  38.  justified  continuation  of  the  tests. 

No  decomposition  i)re.ssures  were  observed  during  the  test  period.  Analytical 
results  at  the  end  of  the  test  (Table  39)  disclosed  only  minor  cU'viations  from  sj)eciflcation.  Visual 
examination  of  the  interior  of  ea<  h  tank  showc-d  no  corrosion.  Under  conditions  of  test,  the  UDMH 
was  stable  in  all  materials  used. 

Three  temperature  cycling  (-20  to  270  F)  tests  with  N2O4  were  completed  with 
si.x  weeks  storage.  They  Involved  one  tank  each  of  three  materials.  PH  15-7  Mo  stainless  steel. 

347  stainless  steel  and  6061 -TG  aluminum,  filled  to  an  ullage  of  30  .  The  tanks  were  mounted  in  an 
insulated  box  which  was  cooled  by  means  of  a  refrigerant,  and  heated  using  resistance  heaters. 

Pressures,  recorded  for  the  three  tanks,  weri'  equal  to.  or  less  Hum.  vapor 
pressures  until  the  last  day  of  lest.  On  the  la.st  day  of  test,  with  the  temperature  at  -36  F.  a 
pressure  of  30  psig  was  noted  for  the  347  stainless  steel  tank.  It  was  suspected  that  moisture 
laden  air  seeped  in  via  a  Teflon  "O"  ring,  which  probably  developed  a  slow  leak  from  c(.)ld  flowing 
during  the  cycling  and  allowed  corrosion  to  set  in.  This  was  confirmed  when  iron  nitrate  salts 
were  found  in  this  tank,  while  the  remaining  tanks,  when  I'xamined  internally,  showed  no  signs  of 
corrosion.  A  cross  section  of  t'le  tem|)cratures  and  pressures  recorded  throughout  the  tests  can  be 
seen  in  Table  40. 


As  in  the  elevated  temperature  tests,  the  salts  which  were  f«)rmed  Were  quite 
insoluble  in  the  N2O4.  Thus,  there  was  she)wn  no  increase  in  dissolved  solids.  C»)mplete  analytical 
data  gathered  for  the  N2O4  samples  are  shown  in  Table  41. 
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Under  the  condition  of  tests,  it  <-an  l)f  concluded  that  the  N2O4  is  .stable  in  all  three 
alloy  materials,  providt'd  no  e.xcessixe  moisture  enters  the  system. 

d.  Supplementary  Tests 

Additional  temperature  limits  tests  were  made  at  temin  ratures  alxjve  300^ F. 
Detailed  irJorniation  about  each  follows. 

In  each  case,  propellant  was  loaded,  to  an  ullage  of  approximately  90'/t.  into  a  tank 
which  had  l)een  jjreviously  cleaned  aiKd  conditioned.  Temperature  and  pressure  pick-ups  were  added. 
Ne.xt.  the  tank  was  mounted  ina  Ixith  (Fitture  41).  which  was  later  filled  with  sand.  Pressures  and 
temperatures  were  recorded.  Each  tank  was  also  provided  with  a  burst  disc  rated  slightly  below  its 
working  pressure.  This  was  done  so  tliat  tanks  could  be  salvaged  if  pressure  rise  was  not  destructive 
The  tank  material  selected  was  considered,  from  previous  tests,  to  be  the  most  inert  in  reference  to 
the  particular  proiieilant  l)eing  tested.  An  N2H4  test  in  6061 -T4  aluminum  was  terminated  after  the 
temperature  leveled  off  at  380  F.  A  higher  t<‘mp<‘''ature  w;is  intended  but  the  heating  system  proved 
inadequate  for  this.  The  test  was  not  repeated,  however,  since  thc‘  maximum  jiressure  recorded 
(480  psig)  was  consideral)ly  higlier  than  the  vapor  pressure-  (380  F).  indicating  proitellant  decomitosi- 
tion.  Figure  42  shows  that  tin-  rate  of  decomposition  increased  sharply  above  300  F.  and  indicates 
thiit  the  pressure  would  have  continued  to  rise-  due  tee  propellant  dee-omposition. 

A  UDMH  test  in  347  stainless  stee-l  retse  tee  a  maximum  temperature  ot  567  F  and 
a  pressure  of  804  psig.  Twet  minutes  later,  the  1500-))e)und  Ijurst  disc  ruptured.  (See  Figure  43.) 
Vapor  pressure  data  at  the  cetrresponding  temperature-  shetw  jtressure  in  excess  ejf  1580  pounds.  No 
UDMH  remained  in  the  tank  after  te-st.  t<»  albtw  for  analysis. 

An  N2O4  te-st  iit  FH  15-7  Mo  stainle  ss  steel  was  terminate-d  after  leakage  was 
apparent  at  a  temperature  of  406  F.  The-  maximum  pressure-  re(-(jrded  was  1290  psig.  (See  Figure 
44.)  The  l)urst  disc  was  still  intact,  and  it  was  later  found  to  be  the  cause  of  leakage.  Analysis  of 
the  N2O4.  indicated  no  change  in  composition  luid  occurre-d. 

e.  Misce-llane-ous  Te-sts 

In  (jrder  to  dete  rmine-  if  N2O4  would  fe)rm  shoe-k  sensitive  salts  when  stored  in 
titanium,  a  C  120  AV  titanium  alloy  tank  was  loaded  with  oxidizer  to  a  50  ,  ullage  and  mounted  in  a 
Itath  similar  to  the-  one  shown  in  Figure-  41.  The-  tank,  in  this  >  ase.  had  a  harness  shaped  fi.xture 
meiunted  on  top  of  it  to  pre-vent  ithysie  al  damage-  te»  the-  tank,  while  at  the  same  time,  allowing  the 
tank  tei  aljsorlj  the-  shen-k  of  a  50-pound  weight  dre>ppe-d  frenn  a  height  e)f  twe)  feet.  This  was  to  be 
done  after  test,  to  dete-rmine-  tlie-  shex-k  se-nsitivity  e>f  any  deposits  formed  inside  the  tank  during 
test.  Temperature  and  pre-ssure-  we-re-  memiteire-el  thremghe)ut  the  one-month  test  periexi  (Table  42). 
Tempc  raturt- fluctuate  d  l)etwe-e-n  90  and  150  F.  and  pre-ssures  were  consistent  with  the  vapor 
pressure  of  N2O4  at  tiu-  prevailing  temperature-s.  The  aforementioned  weight  was  dropped  on 
schedule  without  incident.  Analysis  of  N2O4.  after  lest  (Table  43).  showed  no  deviation  from 
specificatiejii.  and  e.xamination  of  the-  inle-rior  of  the-  tank  shewed  ne)  signs  of  attack  or  deposit 
formatiem.  Hewe\-er.  a  positive-  result,  at  a  highe-r  impact,  was  ejltserved  in  metal  coupon  tests, 
as  repe)rted  in  the  Mate-rials  Compatibility  se-e-lion  of  this  repeirt. 

5.  Materials  Compatiliility 

In  eirdcr  te)  ae-e-omplish  this  preigram  with  ma.ximum  efficiency  and  eceine)my.  an  extensive 
literature  se-arch  was  first  made  to  determine  the  areas  in  which  materials  data  was  lacking  e)r 
sketchy.  Folltw-ing  the  lite-rature-  survey,  a  te-st  program  was  carried  out. 
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a.  Literature  Survey 

Tables  44.  45,  and  46  are  tabulations  of  literature  data  on  the  (-(jiiipatibility  of 
various  metals,  plastics,  elastomers,  and  luiirieants  with  N2O4.  Tal)le.s  47.  48.  and  49  arc  similar 
tabulations  for  UDMH.  and  Tables  50,  51.  and  52  for  N2H4. 

The  following  nenc'ral  commc'nts.  lu-rtine'nt  to  this  subject,  were  also  oljiained  frcjiii 
the  literature  survey. 

(1)  Nitro^c-n  Tetroxide  {N2O4) 

Generally.  N2O4  -  NO  (nitric  oxidc')  mixtures  and  N2O4  wheii  dry  (0.1', 
moisture,  ma.ximum),  are  not  corrosive  to  mild  steed,  and  numerous  other  metals,  at  (ordinary  tem- 
peatures  and  pressures.  Wet  N2O4  is  as  corrosive  as  GO',  nitric  acid,  so  that  only  materials 
resistant  to  60',  nitric  acid  can  be  considered  useful  in  wet  N2O4. 

Wliere  metals  Iwve  been  so  teste’d.  there  is  no  significant  difference  in  the 
corrosion  of  the  plain  metal  versus  stressed  versus  welded  specimens.  The‘  metals  that  have  been 
tested  in  the  three  different  conditions  include-  8630  steel.  304  stainless  ste-el,  iind  2024  and  5052 
aluminum  (References  23  and  25). 

Nitrof^en  tetro.xide  is  very  re-aedive  with  most  ortitinic  compounds;  therefore, 
the  number  of  non-metaliic  materials  with  whie-h  it  is  ceonpatible  is  extremely  limited  (References 
25.  26.  and  27). 

In  the  case  of  halot'enated  j)lasti<  s.  such  as  Ke  l  F  and  Teflon,  tests  indicate 
that  N2O4  is  absorbed.  It  is  thecjrized  tiuit  N2O4  is  absorbed  into  the  spaces  between  the  polyni'-r 
chains,  forcinn  apart  the  chains  with  resultinn  swellinn  and  loss  of  stren^dh  (References  26  and  27). 
Because  of  this,  these  plastics  should  not  t)e  used  in  N2O4  and  then  used  in  fuel. 

As  with  plastics  and  e-iastome  rs.  the  re  is  ;i  very  limited  number  of  lubricants 
and  sealants  that  are  satisfactory  for  N2O4  servie-e.  Bc-cuase  of  the  reaedivity  of  N2O4  with  organic 
compounds,  hydrocarbon  oils  and  lubricants  cannot  be-  used. 

One  material,  getterally  reported  as  satisf;u-tory  as  a  sealant  and  lubricant, 
is  a  mixture  of  graphite  with  disodium  silicate'  (water  glass)  or  sidium  stearate  (References  9.  23. 

28.  29.  and  65). 

(2)  Unsymmetrical  Dimethyl  Hyeira/ine'  (UDMH) 

A  considerable  amount  of  work  Itas  been  done  ejn  the  compatil)lity  of  UDMH 
with  both  metallic  and  nejnmetallic  compounds.  Howe  ve  r.  m;tny  de-tails  of  these-  numerous  tests  were 
not  readily  available,  e.g..  such  details  as  the  e'ffe-cts  of  the-  material  on  the-  UDMH.  and  the  initial 
concentration  ejf  the  UDMH  use-ei  in  the-  tests,  we-re-  not  givc-n. 

It  should  be  noted  that  UDMH  is  ge-ne-rally  more  stable  than  N2H4.  and  is  com¬ 
patible  with  many  more  metals.  Trace  eiuantities  of  impurities  are  less  likely  to  l  atalyze  its 
decomposition,  and  its  reactions  with  mate-rials  are-  much  less  vie>lent  than  in  the-  e-ase  of  N2H4. 

In  most  cases,  the  presence-  eel  mejisture-  adversely  alfe-cts  the  correesiem 
resistance  of  metals.  Figure  45  is  a  pleet  showing  ce)rrejsie>n  rate  ejf  several  metals  versus  the  UDMH 
cejiicent  ration. 
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(3)  HycJia/inc  (N2H4) 


Thcrr  li;ivc‘  bi-c-n  si  vcral  c'(iiii|<ilal ions  of  data  on  N2H4  com|)atibility  with 
various  malrrials  of  roust  ruction.  A  number  of  tliese  are  lisieci  as  references.  Most  of  these 
articles,  however,  fail  to  niv(>  all  the  details  of  the  test  c'onditions  ret^ardiiifC  the  compatibility  of  the 
material  with  the  hydraziiu'.  For  exami)h‘.  in  many  instances  (Table  50'.  the  data  on  the  effect  of  the 
material  on  N2H4  was  not  available. 

In  tjeneral.  iiinh  copper  and  nickel  bearing;  alloys,  as  well  as  ma^cnesium. 
cadmium,  bronze,  brass,  mild  steel.  U'ad.  tin.  and  zinc,  should  be  avoided.  Re{;ardlntJ  niolylxJenum, 
Jet  Pro|)ulsion  Ltiboratory  has  found  polished  molyl>d(‘num  satisfactory  when  e.\pf)sod  to  N2H4  up  to 
400  F  in  347  stainless  stc’el  bombs  (Referenc<>  66). 

In  vii'w  of  the  limit c“d  amount  of  information  I’oncerninn  compatibility  of 
N2H4  with  alloys  containiiij^  molybdi'iium.  it  is  recommended  that  jirior  to  usint;  a  molybdenum  bear¬ 
ing  alloy  an  evaluation  be  made  emiiloying  the  conditions  e.xjiected  to  be  encountered  (Reference  70). 
Most  recently  at  a  meeting  held  at  AFI3MD.  molybdt'num  bearing  alloys  were  judged  satisfactorily 
for  use  with  a  50^50'  (by  weinht)  blend  of  UDMH-N2H4  u|)  to  160  F  (Reference  71). 

Of  the  many  plastics  and  elastomers  investigated  for  si'rvice  with  N2H4.  only 
a  few  were  found  satisfactory  for  servii  i*.  and  only  a  very  few  were  satisfactory  for  gmieral  use. 

b.  Test  Program 

Following  the  literaturi'  survey,  a  test  program  was  prepared.  Tabic  53  is  a 
tabulation  of  the  mat<-rials  tested  and  conditions  of  the  test. 

Metal  and  nonmetal  tests  with  each  propellant  will  be  discussed  in  the  following 

sections. 


(1)  Nitrogen  Tetroxide  (N2O4) 

(a)  Metals 

Table  54  is  a  smumary  of  the  data  obtainc'd  from  tests  of  various 
metals  with  N2O4  at  60  •  5  F  for  slated  iieriods  of  time  ranging  from  30  to  63  days.  These  tests 
were  conducted  in  250  ml  Evlenmeyi'r  flasks  fitted  with  inverted  drying  tubes  filled  with  silica  gel  as 
shown  in  Figure  46.  The  ends  of  the  drying  tubes  were  sealed  with  polyethylene.  E.xcept  where 
noted,  three’  specimens  of  each  metal  phued  in  the  flasks,  in  a  manner  providing  mlitimum  contact 
between  specimens,  weri'  half  .submerged  in  approximately  100  ml  of  N2O4. 

TIu'  specimens,  most  i>f  which  were  aitpro.ximately  1/2  x  3  x  1/16  inch, 
were  degreased  in  fresh  mi'iliN'lene  chloride  prior  to  initial  weighing  and  immersion.  Upon  removal 
from  the  N2O4  at  the  end  of  the  exposure  period,  only  a  few  seconds  of  air  agitation  in  the  hood 
sufficed  to  allow  any  N2C4  to  t'vaporate  from  the  surface.  The  specimens  were  then  hand  scrubbed 
with  a  rubber  stopiter  and  in  running  water  to  remove  any  surface  corrosion  products  prior  to  dry¬ 
ing  in  a  stream  of  dry  nitrogen,  and  final  weighing.  Figures  47  and  48  are  photographs  of  the  metal 
specimens,  taken  after  final  weighing. 

Of  the  63-day  exposure  tests,  only  three  alloys.  2014  aluminum.  5456 
alun'.inum.  and  Haynes  Stellite  6K.  were  e.xposed  ct)ntinuously  throughout  this  period.  The  other  five 
were  exposed  for  an  initial  period  of  30  days  (see  Table  54).  rubber  stopper  scrubbed,  dried. 
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woifjlu'd.  and  llu'n  ro-iiiinu'rsi'd  f«»r  an  additional  33  days.  It  is  )<rolKd)lo  that  this  double  r.xposure. 
double  si  ruobinn  technique  results  in  a  hitiher  percent  weiuht  chann<-  and  corrct.sion  rate  experience 
than  with  a  steady  state  63  day  exposure. 

No  corrosion  rate  is  shown  for  AM  lOOA  majiiK  urn  (30  days)  or  for 
Inconel  (30  days)  because  the  specimens  increased  in  weit;ht.  with  c-xposure  to  N2O4.  This  is 
probably  due  to  difficulty  in  rrmovinj:  the  corrosion  products  employing  the  rubber  stopper  scrubbing; 
technique. 


The'  titanium  alloy.  AllO  AT.  was  removed  from  test  after  one  week  for 
safety  reasons.  References  62.  63.  and  64  list  incidents  where  titanium  alloys  and  strong  o.xidizers 
have  detonated  under  certain  I'onditions  with  resultant  loss  ol  perstninel  a?id  property.  In  order  t(j 
investifjate  the  reported  pyrophoric  tcutatuicy.  a  piece  of  AllO  .AT  titanium,  approximately 
1  X  1  '2  x  1  16  im  h.  was  partially  immersc-d  in  about  14  ml  of  N2O4  in  a  jiyrex  plass  tube  and  sealed 
while  frozen  and  undiT  vacuum.  The  ^lass  tube  and  sp4  (  inu'n  were*  jjositioned  under  an  inii)act 
tester,  and  impact  ti'Sted  at  170  It-lb.ifter  29  days.  Neither  detonation  nor  i4rt)ss  rc'action  was 
evidenced.  i)ut  microscopic  examination  of  the  specimen  showed  indications  of  a  slight  burning 
reaction.  This  was  evidenced  In  a  deep  fan-sliap<>d.  blue  discoloration  and  moltcui  metal  aiijiearinjt 
on  the  face  of  the  coupon.  Fijjure  49  is  a  photomicroi;ra|)h  of  the  aflected  area.  A  control  sample 
of  2024  aluminum  also  was  impact  tt'sted  with  170  It-lb  under  identical  conditions.  As  a  second 
control,  samples  of  titanium  .AllO  AT  was  subji.'ctc-d  to  the  same  impact  in  air.  Neither  detonation 
not  evidence  of  burning  was  dettcied  with  both  control  sampb-s.  Fiyure  50  is  a  jihotottraph  of  the 
three  samples  for  comparison. 

The  importance  of  the  sensitivity  ol  titanium  e.xposed  to  strong  oxidizers 
is  recognized  by  people  in  the  missile  industry.  As  a  lonsequence.  Wright  Air  Development  Division 
(WADD)  has  contracted  Allied  Chemical  Corijoration.  Nitrogen  Division,  to  determine  the  impact 
sensitivity  of  commercially  pure  titanium,  titanium  alloy  C  120  AV.  and  one  other  metal  when  exposed 
to  liquid  N2O4  and  to  determine  the  mechanism  of  the  ignition,  should  this  take  jjlace.  In  Reference 
72.  a  summary  of  the  first  quarter.  Alli«d  Chemical  stated  that  preliminary  tests,  conducted  with 
pure  titanium  exposed  to  liquid  N'204  up  to  336  hours,  yielded  no  detonation  nor  violent  reaction  in 
the  absence  of  foreign  matter  when  the  titanium  was  impact  i<  sted  with  100  ft -lb  forie.  In  the 
presence  of  for»'ign  matter  such  as  impuri  sand,  t widt  iice  oi  reaction  was  ob'ained  whi-n  the 
titanium  specimen  was  struck  with  a  flat  »  nd  pin  with  100  It-ll)  lon  r’.  For  further  dtita,  it  is  recom¬ 
mended  that  future  Allii-d  Chemical  Corporation  <iuarterly  reports  be  re\iewed. 

Th(  Used  to  4’onduct  these  lists  was  analyzed  tind  met  the  puri'hasi 

specifications.  Only  slight  changes  in  an.il\.si-s  were  found  alter  testing.  Specifically,  water,  the 
most  important  I'ontamii'ant .  increased  trom  0.11  (by  wi-ight)  belore  list  to  0.14  (ma.ximum  ’fter 
test. 


(bl  Elastomers,  Plastics,  Asbi‘Stos-Filled  Gasket  Material.  Graphite 

Mati'rials.  and  Lubricants 

Table  55  is  a  compilation  of  the  data  obtained  in  tests  of  various  non- 
metallic  materials  in  N2O4  at  60  -5  F  for  st.ited  periods  of  time  rtinging  from  45  minutes  to  63  days. 

The  short-term  tests  were  pi-rformed  for  the  purpose  of  ditermining  a  satisfactory  seal  for  short¬ 
term  e.xposure  during  the  seals  and  bearing  tests  (Phasi  III).  The  apparatus  used  was  ilu  same  as 
for  the  metals  (see  Figure  40).  Except  where  notc-d  in  the  tabli  .  only  one  specimen  of  each  material 
was  tested  fully  immersed  in  alxiut  100  ml  of  N2O4. 

No  pretreaiment  or  cleaning  was  performed  on  spi  cimens  prior  to 
initial  weighing  and  immersion  except  for  mei  hanical  wiping  with  Kim  wipes.  Most  ot  itu  tn.iti mils 


AFFTC  TR-60-61 


1C 


exhibited  absorption  tM  th<'  N20-4  to  v;ir>ii>  '  Hi  .  reos.  and  upoti  renioval  Irom  tiie  N2O4  at  terruination 
of  exposure,  all  were  ''out  i;asse<.l  "  i:;  ttie  hood  ter  at  UasI  20  hours  befoi'e  final  weij^hinj?  and 
liieasu  la'iiieiit . 


Fxet'pt  for  the  silicone  rubtx  i-  O-i'ins.;  c(u(  rr  d  with  unplasficizod 
Kel-K.  all  of  the  iiuiterials  listed  in  Tal>lc‘  55  under  elastomers  exlubiied  ”ross  swelling;  while 
immersed  in  tiu  N2O4  and.  in  m.)St  cases.  w«'re  measured  immediiitely  upon  removal  from  the 
oxidizer.  These  measurements  wc-re  usc“d  to  calculate  thi>  "percent  volume  chaniie  before  out 
^assiiiii"  \alue.‘i  shown  in  the  table.  Similarly,  the  "aftcu-  out  tfassinn"  valui'S  were  calculated  usint; 
the  final  \’olume  measurements  after  out  ^assinn. 

Ail  of  the  plasties  tested  showed  dimensional  stability  both  during  and 
aftc'r  imim'r;uon  in  thi‘  N2O4  and.  with  the'  e'xei’ption  of  R;iythetu'-N  w’hieh  was  I'.xposed  twice  as  lonn 
as  any  of  tne  others,  apparentiv  underwent  lU)  jjross  cli;»nK<‘S  in  ithysieal  j)roi)erties  or  appeariinee. 

The  Gi'iietron  sanijiles.  tested  as  possible'  mate'i'ial  for  lip  sepals,  had  be'en  pretre'ate'd  by  cejinpre'ss- 
iiii;  be'twe'e'ii  platenis  lu'ated  betwe'e'ii  45b  and  500  F.  The-  ele'ar  sample's  we're  amorjihous  in  structure  , 
haviiiii  bee'll  ([uie-klv  wate'r-eiue'nclu'd  wlu're-as  the'  e  loudv  samjile's  were'  ci-ystalline'.  hiivinti  be'e  n  allowe  d 
to  e'oeil  down  ve'ry  slowly  be'twe'e'ii  the  plate'iis. 

The  lubrie'ants  we  re-  te  ste  ei  by  sine  arin^  a  small  epiantity  of  the'  ure'ase 
on  a  wei'^hed  i^lass  mie'rose'ope'  slide',  re'we'ieihin^  for  the  yrease  wei^^ht  by  diffe're'iu'e'.  and  positieni- 
ing  the'  slide'  at  about  a  45  de'yre'e-  an^le'  in  thi'  250  ml  t'rli  iiiiii  yi  r  flask.  The'  slide  was  half  immersed 
ill  the  N2O4.  positionine;  the'  yie'asi'  partly  in  the'  lie|uid  aiiel  partiv  in  the'  vajior.  Upon  re'moval  afteT 
e'xposure'  and  afte'r  20  hours  out  liassin^.  the  slide'  anei  cre  ase'  we  re-  re  we'iched  to  de'te'rmiiU'  the 
perce'iit  e-han^e'  in  we'i;cht.  Tlu'se'  fiyure  s  are'  not  sirie  tly  comparable,  howe  ve'r.  because  of  varying 
de'^re'os  of  pure'ly  nie'e'hanie'til  loss  of  ure'asi'  in  hanelliiu'. 

It  should  Ite'  neete'd  that  none'  eel  tlu'se'  yreases  appe'ar  to  be  e'ompletely 
suitable  feir  N2O4  se'rvice;  all  we're'  crossly  daniace'd  by  tlU'  N2O4. 

(2)  UDMH  and  N'2H4 
(a)  Metals 

Ftilib'  50  is  a  summary  of  the'  data  obtaiiu'd  from  te'St  of  various 
nu'tals  in  UDMH  at  140  F  for  one'  month.  Table  s  57  and  58  are'  .similar  summaries  for  tests  of 
nu'tals  for  one  month  in  N’2H4  at  140  and  200  F  re  spe  e  tiie  ly .  All  of  thse'  tests  we're'  ceniducted  in 
250  ml  Erlenmeye'i"  flasks  fitte'el  with  eieiide'ii.se  rs  and  plae'eel  in  a  constant  te'iiiiie  rature  bath. 

Fiirure'  51  is  a  pheitocraiih  of  the'  te'St  se't  up. 

Thre'e-  spe-e'ime  ns.  approxi mate'ly  3  x  1  '2  x  1  ^IC  ine-li.  of  each  metal 
were  decreased  with  melliyle-ne'  e  lileiriele'  and  plae  e'd  in  a  flask  in  a  maniu'r  providinc  minimum  ceiii- 
tae't  between  specime'ii.s.  Fue  l  in  the'  amount  of  100  ml  iH'rniilte'd  half  submersion  of  the  specimens. 

In  the  first  c>''>up  eif  tests,  tlu'  ope'ii  e  nei  of  the'  e'oiide  nse'rs  was  e'ove're'd  loosely  with  a  piece  of  alu¬ 
minum  foil  and  the  c>'<aiiid  c'-iss  loint  was  le'ft  dry.  It  was  not  antie  ipated  that  a  serieius  breathinc 
problem  weiuld  result  with  this  set  up;  howe-veu-.  as  note-d  in  Table  s  5G  and  57.  the'  first  <’f 

tests  showed  considerable'  dee-omposition  ol  the'  fue'Is, 

The  loss  of  stre'iicth  eif  UDMH  was  preibably  caused  by  air  o.xidatiein 
characterized  by  the  e'.xte'iisive'  discoloration  whie'h  oe'e'urred.  In  the  e-ase'  of  N2H4.  heiwever. 
moisture  was  probably  the  e';iuse  of  the'  de-e'ce-asinc  stre'nclh  of  the'  N2H4  and  the  forminc  <4  a 
hydrate  with  a  sennewhat  hicher  spe'e  ifie'  ci'avity  than  anhydrous  N2H4.'  This  decomposition 
problem  was  inve.sticate'd  to  some'  e'Xte'ir  in  the'  propellant  decom|)osit ion  se'ction  of  this  report. 
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It  was  believed  that  the  condition  of  the  fuels  that  existed  at  the  end  of 
the  tests  would  present  a  more  corrosive  medium  b)  the  metals  than  with  spe<-ification  grade  fuels. 
Based  on  this  theory,  it  was  ct)nc!udt‘d  that  metals  not  affected  by  the  fuels  in  these  tests  would  not 
be  affc'cted  by  the  specification  grade  fuels.  Work  done  at  Food  Machinery  and  Chemical 
Corporation.  (Referem-e  69)  with  UDMH,  showed  negligible  corrosion  of  most  of  these  metals 
after  seven  days  at  146  F.  In  their  tests,  there*  was  little  or  no  change  in  the  UDMH  asstiy. 

(It  should  be  noted  tlutt  there  was  little  or  no  color  change  in  the  UDMH  during  the  first  si.\  or 
seven  days  t)f  the  tests  listed  in  Table  56.) 

As  further  confirmation  of  the  ai)ove  theory,  several  tests  were 
repeated  with  a  modified  test  set  up.  These  repeat  tests  are  marked  with  a  double  asterisk  in 
Tables  56  and  57. 


In  the  new  test  .s<>t  up.  the  open  cuid  of  the  condenser  was  sealed  with 
a  double  layer  of  3-mil  thick  polyethylene  film  and  the  ground  glass  joint  between  the  condens(>r  and 
the  falsk  was  sealed  with  UDMH  lubricant.  The  luilanct*  of  the  tests  under  this  program  were  run 
with  this  sealed  apparatus. 


Several  metals,  as  noted  in  Tables  56  and  57.  were  e.xposed  to  the  fuels 
for  an  additional  94  days  at  115  F.  There  was  no  further  sigitificant  change  in  the  specimens  except 
for  6061  aluminum  alloy  which  showt-d  a  slight  discoloration  of  the  metal  e.xposed  to  the  liquid  N2H4. 

Metal  specimens  were  washed  by  hand  in  cold  water,  dried,  and 
weighed  at  the  end  of  the  tests.  Figures  52.  53,  54.  and  55  are  ph<Jtographs  of  the  various  metal 
specimens  after  test. 


(b)  Plastics.  Elastomers,  and  Gaskets 


Table  59  is  a  summary  of  the  data  obtained  from  tests  of  various 
plastics  and  elastomers  in  UDMH  for  one  month  at  140  F.  Table  60  is  a  similar  summary  for  N2H4. 


exjjosed  to  the  fuel. 


Except  for  the  butyl  rubber.  r)nly  one  .sj)ecimen  of  each  ir..i!erial  was 


Most  of  the  materials  exhibited  al)sorption  of  fuels  to  varying  degrees. 
At  c(mipletion  of  the  tests,  specimens  wc-re  rinsed  in  cold  watiu-  and  dried  at  a  slightly  elevated  tem¬ 
perature  (90-100  F)  for  si'veral  minut»'S.  They  w«'re  weig.hed  within  approximately  one  hour  after 
removal  from  the  fuel.  Several  .s])ecimens  had  absorbed  UDMH  to  the  extent  that  a  weighing,  even 
after  one  hour,  was  difficult.  These,  as  indicatt'd  in  Table  59.  wiu-e  reweighed  after  48  hours.  This 
situation  was  not  so  serious  with  N2H4. 

A  Gehman  Stiffness  Tester  was  used  tt)  determine  the  Ai)pari‘nt 
Modulus  of  Rigidity  of  several  elastomers  (Tables  59  and  60).  The  test  procedure  followed  is  ex- 
l)lained  in  ASTM  D1053-58T.  "Measuring  Lc’"  Temjjerature  Stiffening  of  Rubber  and  Rubber-Liki' 
Materials  by  Means  of  a  Torsi  mal  Wire  Apparatus".  It  is  I'Stiniated  that  the-  accuracy  of  the 
Modulus  of  Rigidity  is  -10',  . 


Although  many  of  these  materials  exhibited  al)sorption  of  fuel  and 
swelling,  it  should  l)e  noted  that  in  many  applications  the  area  of  material  (‘xposed  toilie  fuel  will 
only  be  a  fraction  of  that  area  exposed  during  these  tc'sts. 
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(c)  Lubricants 


A  number  of  lubricants  were  tested  statically  by  smearing  a  small 
quantity  of  the  lubricant  onto  a  glass  rod  and  half  submerging  it  into  the  fuel.  This  test  served  only 
to  eliminate  those  lubricants  that  dissolved  in  the  fuel  in  a  few  hours.  The  bulk  of  the  lubricant 
tests  were  performed  on  a  dynamic  lube  tester  designed  at  Bell  Aerosystems  (Figure  56). 

The  dynamic  lubricant  tester  consisted  of  a  cylinder  approximately 
2x2  inches  with  a  piston.  The  piston  shaft  extended  out  cither  end  of  the  cylinder  and  was  moved 
through  a  two  inch  total  travel  by  a  motor  and  cam  at  the  rate  of  three  cycles  per  minute.  The 
O-ring  on  the  piston  and  the  O-rings  through  which  the  shafts  moved  were  covered  with  the  lubricant 
in  question.  The  cylinder  was  filled  with  fuel  by  means  of  a  reservoir  and  bypass  line.  The  linkage 
between  the  motor  and  tester  was  fitted  with  a  strain  gage  feeding  a  signal  to  a  Speed-O-Max  recorder. 
The  calibrated  gage  permits  a  recording  of  the  force  in  pounds  required  to  move  the  piston.  An  elec¬ 
tronic  timer  was  included  to  permit  recording  data  for  one  minute  every  eight  minutes.  Each  test  ran 
approximately  six  hours,  for  a  total  of  1100  cycles. 

Interpretation  of  the  data  obtained  with  the  lube  tester  is  dependent  upon 

the  following  conditions; 


(1)  The  force  rtquirt'd  to  cycle  the  piston  in  the  cylinder  1100  times 
(The  1100-cyclc  ’’alue  is  based  upon  experience  gained  by  Bell 
Aerosystems  Company). 

(2)  The  condition  of  the  piston  and  shaft  O-rings  at  the  end  of  a  test. 

(3)  The  force  required  to  free  the  piston  from  the  cylinder  wall  after 
having  set  idle  for  several  hours. 

Figure  57  is  a  graph  showing  the  data  for  these  tests  with  UDMH  and 
N2H4.  Smocth  curves  were  drawn  through  the  data  from  the  Speed-O-Max  recorder  chart.  Table  61 
is  a  list  of  the  lubricants  showing  the  condition  of  the  O-rlngs  at  the  conclusion  of  the  tests,  as  well 
as  the  restart  forces.  These  varic»us  lubricants  tested  can  be  compared  to  the  UDMH  lubricant  cur¬ 
rently  being  used  on  the  Bell  Aerosystems  rocket  engines  which  employ  UDMH  as  a  fuel. 

Two  other  items  t<»  be  determined  before  a  lubricant  can  be  definitely 
recommended  for  use  with  UDMH.  or  as  a  matter  of  fact  any  other  fuel,  are: 

(1)  Its  compatibility  with  the  flush  liquid 

(2)  A  functional  test  on  a  component 

Two  of  the  lubricants.  S-t<58-M  and  Lox-Safe.  were  successfully  tested 
in  methanol  which  is  the  flush  liquid  currently  used  at  Dell.  The  UDMH  lubricant  has  been  found 
satisfactory  with  methanol. 


Preliminary  functional  tests  on  a  gas  generator  propellant  valve  indi¬ 
cated  satisfactory  timing  sequences,  and  although  O-ring  rolling  occurred  with  the  two  test 
lubricants,  no  leakage  was  detected.  Part  of  the  rolling  problem  may  have  been  caused  by  a  long 
time  delay  between  the  start  and  finish  of  one  of  the  tests. 
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It  shoiilcl  l>t“  iMilftI  at  lliis  jtoint  that  of  tlio  many  luhrit-ants  tested  at  Bell 
Aerosysti  ins  and  at  othi-f  installations  none  has  iieen  found  to  he  perfeetly  satisfactory  with  UDMH. 
The  usual  problem  is  excessive  solubility.  The  lubricants  reported,  herein,  re]  resent  most  of  the 
better  lubricants  tested.  It  should  also  be  notc'd  that  in  the  case  of  N2H4.  which  has  a  much  lower 
solvent  action  than  UDMH.  there  are  a  number  of  suitable  lubricants.  Consetiuently  the  lubrication 
problem  with  N2H4  is  much  h'ss  serious  than  with  UDMH. 

(d)  Miscellaneous  Tests 

There  were  several  additional  tests  performed  durint;  the  jiast  year 
that  are  belived  worthy  of  inclusion  in  this  report.  Most  of  them  weri'  for  the  purpose  of  solving;  an 
immediate  problem,  and  as  a  result,  the  tests  wer«‘  not  as  e.xtensive  as  those  tabulated  elsewhere  in 
this  report. 


Genet  ron  H  L  plastics  (made  by  General  Chemical  Comitany)  was 
tested  in  UDMH  for  two  weeks  at  ambient  ti-mperature  (70-75  F).  A  small  piece  of  very  thin  sheet 
stock  was  immersed  in  UDMH.  No  chanjte  in  tiu'  material  was  noted  at  the  end  of  this  jieriod. 

Upon  815.  an  epo.xy  plastii-  made  by  Shell  Chemical  Corporation,  was 
tested  in  UDMH  for  ten  days  at  ambient  temperature.  After  oiii’  dtiy  there  was  a  sli^iht  loss  in  weifjht. 
Witnin  ten  days,  the  specimeti  was  completely  dissoha'd. 

Reytheite-N,  an  irradiated  blend  of  iiolyethylene  and  other  polyolefins, 
was  immersed  in  UDMH  for  approximately  two  months  ;it  110-115  F.  No  apparent  change  in  the 
specimen  was  noted  at  this  time  .  During;  the  lirst  two  weeks,  the  UDMH  e.vtrai  ted  some  dye  from 
the  specimen.  This  was  apiiarently  sonu'  excess  dye  because  there  was  no  significant  visual  change 
In  the  black  color  of  the  sample. 

Two  samplt  s  of  Genetron.  G.C.X.-3B.  one  crystalline  in  structure  and 
one  amorphous  (sec  processing  details  uikU  r  section  on  N2O4  above),  score  tested  in  UDMH  for  20 
days  at  140  F.  At  the  »  nd  of  this  time  the  laminants  on  the  amorphous  sample  started  to  separate 
and  the  crystalline  saniiile  became  brittle.  Both  samjiles  were  dark  brown  in  color,  as  was  the 
UDMH. 


Tables  G2,  G3.  and  G4  are  summaries  of  the  comiiatibility  data,  ob¬ 
tained  under  this  contract,  for  materials  of  construction  with  UDMH.  N2H4.  and  N2O4.  all  in  an 
anhydrous  stale.  Table  62  lists  the  materials  found  satisfactory  for  use  with  the  propellants  under 
the  test  conditions  described.  Table  63  lists  the  materials  that  tire  satisfactory  for  short-term 
service  with  the  itropeilants,  ;ind  Table  64  lists  the  materials  that  are  unsatisfactory  for  service  with 
the  propellants. 


The  latest  material  comi)atibilil\  data,  obtained  from  the  literature  and 
appearing  in  Tables  44.  47.  and  50  show  conflicting  test  data.  For  e.xampli’.  A-nickel  in  N2O4  at 
60  •  5  F  for  63  days  tested  at  Dell  yielded  a  corrosion  rale  of  0.013  mil  per  year,  whereas  Rocketdyne 
(Reference  68)  lists  nickel  as  incompatible  with  N2O4  at  ambient  temperature.  Other  conflicting  data 
are  evident  with  17-7  PH  stainless  steel  in  N204.  316  stainless  steel  in  UDMH  and  N2H4.  Monel  in 
UDMH.  type  1100  aluminum,  Inconel,  and  304  stainless  steel  in  N2H4. 
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n.  PHASE  III  -  SYSTEM  AKD  COMPONENT  ANALYSIS 

1.  Fluid  Flow  Diila 

After  a  preliminary  analysis  of  the  flow  c'lianilH>rs  of  tiie  valves  tl»at  were  selected  for  the 
system  fi^w  tests  (this  included  investi{'atin('  existing  ILiseal*  tt'st  daUi),  it  was  determined  to  subject 
these  valves  to  individual  calibration  tests  to  establish  flow  characteristics. 

This  was  accom|)lished  in  the  storable  )>ro|)ellanl  flow  system  (Figure  58)  Ijy  usin|r  substi¬ 
tute  test  fluids,  methanol  for  UDMH,  and  methylene  chloride  lor  N2O4.  Flow  versus  pressure  drop 
values  were  estat»lished  to  cover  the  expected  ojieratinK  ran[;e  of  the  flow  system.  The  results  (jf 
these  flow  tests  are  stated  in  Taldes  05  thi'iiUt'h  75  under  room  temperature  acceptance  tests. 

Data  recorded  inclu<led  supply  tank  i)res.sure.  flow  rates,  and  pressure  drops  at  a  flow 
rate  r.inj;in^;  from  rated  to  -SO';  of  rated.  An  average  of  five  points  was  recorded  and  plcjtted.  Using 
recorded  flow  data,  curvi-s  wi're  plotted  for  an  equivalent  flow  cif  water  to  simjjlify  the  conversion  of 
the  flows  to  any  other  liciuid  proiiellant  (Figures  59  tlirougli  08). 

Following  rated  flow  acceptance  tests,  tlie  systent  was  drained  of  lest  fluids  and  purged 
witit  nitrogen  and  refilled  witli  tlw  actual  itri.qjellants. 

See  Systems  .-Xnalysis  Sectior.  for  pro))ellant  flow  daUt. 

2.  Solultility  of  Pressurizing  Gas 

Till'  literaturi'  survey  did  not  reveal  experitmmlal  irformati.)!!  on  solut)ility  of  pressuriza¬ 
tion  gases  and  composition  change  of  tlie  propt  llanls  during  ex|mlsion.  However,  exjterience  at 
Rocketdyne  (Reference  22)  and  Aero)et-Gt  neral  (Reference  21)  show  that  pressurizing  propellants 
with  nitrogen  gas  have  no  effect  on  the  propellant  quitlity.  .let  Proi)ulsion  Laboratory  (Reference  30) 
has  pressurized  N2O4  and  N2H4  with  Ixith  nitrogen  and  helium  and  have  experienced  no  effect  on  the 
propellant  burning  tpialities.  Thi'  vendors  (References  32.  33.  and  42)  also  transfer  the  propellants 
with  nilrogiMi  gas  .ind  h.ive  not  encounter»-d  chatigi-s  in  the  propellant  quality  attributable  to  the 
nitrogen. 


Soluliility  e.xperiments  were  determined  iiy  loading  a  gi.'en  volume  of  jiropellant  into  one 
of  two  cylinders  s»-parated  )iy  .1  v.tlve  and  fitted  with,  .t  iiressuri’  gage,  and  charging  the  other  to  a 
given  pressure  witli  gas.  Wiili  gis  and  propellant  at  i-oiist.inl  temper.ilure,  the  connecting  valve  is 
opened  allowing  ttie  gas  to  pressurize  the  propellant.  By  stiaking  the  apparatus  periodically,  good 
contact  is  insured  and  the  gas  is  given  an  ojiiiortunity  to  dissolve  in  the  ll(|uid.  From  a  record  of 
pressure  cl..itiges  with  time,  tlie  solulnliiy  c)f  tlie  gas  in  tlie  pru|)ellaiit  is  calculated  for  the  tempera¬ 
ture  under  whicli  Hie  test  was  made.  The  app.iralus  is  tlien  sulijected  to  another  temperature  and  a 
second  set  of  readings  is  t.iken.  More  sp«*cific  details  are  afforded  liy  descriliing  a  particular  exper¬ 
iment  with  reference  to  Figure  09. 

Tile  iiropellaiit  cylinder  i:.  fitted  with  .1  cross  containing  a  150-psig  burst  disc  assembly, 
a  100-psig  pr,  isure  gage,  and  a  liatid  valve.  Tlie  gas  cylinder  is  fitted  with  a  cross  containing  100- 
psig  pressure  gage,  a  hand  valve,  and  a  line*  to  the  other  hand  valve.  Both  cylinders  are  then  con¬ 
nected  through  this  valve.  A  cylinder  ol  the  gas  to  lie  investigated  is  connected  to  the  other  hand 


'The  comiionents  used  in  this  test  program  are  from  the*  LR67-BA-9  rocket  engine,  developed  by 
Bell  Aerosystems  Company  for  the  Rascal  missile  project  under  .Mr  Force  contract.  Specific 
components  are  identified  herein  liy  drawing  numbers. 
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valve,  and  (he  system  pressure  checked.  After  all  leaks  arc  eliminated  at  100  psi(;,  the  valve 
between  the  cylinders  is  closed.  Then,  the  uaKf  of  tlie  pru])cllant  cylinder  is  removed  and  the 
cylinder  half  filled  with  a  known  weight  of  propellant.  The  gage  is  replaced,  the  common  hand  valve 
opened,  and  pressure  reading's  taken  as  previously  descril)ed  for  at  least  four  hours.  The  apparatus 
is  then  siil»jectcd  to  a  different  temperature  and  another  series  of  readin('s  taken  with  due  allowance 
for  attainment  of  thermal  equilil>rium.  To  be  sit^nificant  in  terms  of  the  accuracy  of  the  (jat'es  em¬ 
ployed,  pressure  differences  must  be  greater  than  0.5  psiy-  The  accuracy  of  the  ipitjes  is  considered 
to  be  ;1'^.  This  total  pressure  difference  corresponds  to  the  accuracy  shown  in  Table  76  for  each 
measured  solubility. 


Gas  solubility  is  calculated  according  to  the  equations 
^  A  w  100 


s  = 

Weight  of  P-opellant 

Aw 

wj  -  W2 

PVM 

w  — 

RT 

Where; 


P  gas  pressure  in  atmospheres,  absolute 

V  -  gas  volume  in  liters 

M  molecular  weight  of  pressurizing  gas 

R  -  gas  constant  (0.082) 

T  =  absolute  mean  temperature 

W|  =  weight  of  gas  in  system  at  start  of  lest 

W2  -  weight  of  gas  in  system  at  end  of  test 

S  solul)ility  of  gas  in  liquid  in  weight  "i 

E.x;imple  of  calculations  Uikcn  from  Run  No.  3 


Total  gas  weight  in  system  at  start  of  test 's  determined  as  follows: 


wi 

wi 


weight  of  gas  in  gas  cylinder  •  weigiu  of  gas  al)ove  jiropellant 
(initial  pressure,  volume  and  temperature) 


(7.60)  (0.671)  (4) 
(0.082) (298) 


0.8348  gm  He 


0.8348 

0.0389  weight  of  gas  above  propellant 
0.8737  gm  total  weight  of  He 


Total  gas  weight  undissolved  in  system  at  the  end  of  test  is  deteri  d  as  follows: 


'^2 


PVM 

RT 


(final  pressure,  volume  and  temperature) 


(5.39)  (0.968)  (4) 
(0.082)  (298) 


0.8540  gm  undissolved  He 
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Gas  solubility  is  calculated  as  follows: 

Aw  =  W|  -  W2 

A  w  =  0.8737  -0.8540 

A  w  =  0.0197 

^  Aw  100 _ 

Weight  of  propellant 

„  0.0197  X  100 

**  "  296.5 

S  =  0.007'!^  tO.005% 

Accuracy 

Vary  the  final  pressure  5.39  atmospheres  by  tO.l 
Then  W2  becomes  0.8700  and  0.8390 
And  S  varies  t0.005‘X 

The  data  in  Table  76  indicates  that  nitrogen  and  helium  show  a  slight  increase  in  solubility 
with  increase  in  temperature  over  the  range  studied  for  the  three  propellants  under  consideration. 
Actually,  the  solubilities  of  the  gases  in  UDMH  and  N2H4  are  very  low. 

In  general,  the  gases  are  more  soluble  in  N2O4  with  nitrogen  again  being  more  soluble 

than  helium. 


3.  Propellant  Handling 

Propellant  handling  information  fur  N2O4,  UDMH,  and  N2H4  was  incorporated  in  the  Bell 
Aerosystems  Company,  "Space  Flight  Division  Safety  Rules  and  Regulations",  revised  30  March  1959. 
The  following  section  contains  this  information  as  well  as  information  obtained  during  the  performance 
of  testing  under  this  contract.  In  addition,  references  are  made  to  the  literature  which  contain  per¬ 
tinent  propellant  handling  data. 

a.  Nitrogen  Tetroxide 

Nitrogen  tetroxide  is  an  equilibrium  mixture  of  nitrogen  tetro.xide  and  nitrogen 
dioxide  (N2O4  ^t»2N02).  The  physical  properties  of  this  oxidizer  are  reported  in  Table  1. 

In  the  solid  state,  pure  N2O4  is  colorless.  In  the  liquid  state,  the  equilibrium  mix¬ 
ture  is  yellow  to  red-brown,  and  in  the  gaseous  state,  red-brown.  The  fumes  exhibit  a  characteristic 
pungent  and  irritating  odor. 

N2O4  is  hypergolic  with  such  fuels  as  UDMH,  N2H4,  aniline,  and  others  and  reacts 
with  water  forming  nitric  and  nitrous  acid.  The  nitrous  acid  undergoes  decomposition  immediately 
forming  additional  nitric  acid  and  evolving  nitric  oxide  (NO)X  (Reference  13).  N2O4  is  soluble  and 
compatible  with  methylene  chloride  which  was  used  for  flushing  N2O4  systems. 

(1)  Health  Hazards 

Liquid  N2O4  spillage  on  the  skin  or  splashing  in  the  eyes  causes  burns  similar 
to  that  caused  by  65%  nitric  acid.  Brief  contact  of  the  liquid  with  the  skin  or  other  tissues  results  in 
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yellow  stainint;:  if  the  contact  is  more  than  momentary,  a  severe  chemical  burn  results.  If  splashed 
in  the  eyes,  N2O4  may  cause  blindness.  If  it  is  swallowed,  the  internal  burn  may  be  sudden  and  severe 
resulting  in  death  (Reference  58). 

N2O4  vapors  are  very  toxic.  Inhalation  of  these  vapors  is  normally  the 
most  serious  hazard  in  the  handlint'  of  N2O4. 

The  maximum  allowable  concentration  (MAC)*  of  this  vapor  is  expressed 
as  five  parts  of  NO2  per  million  |xtrts  of  air  (2.5  ppm  as  N2O4)  (Reference  74).  Dr.  Leslie  Silverman 
(Reference  76)  of  the  Harvard  Medical  School  of  Public  Health  has  suggested  that  the  MAC  value  for 
a  ten  minute  period  can  safely  be  exceeded  by  a  factor  of  5.  Also,  Dr.  E.C.  Wortz  (Reference  78)  of 
the  Martin  Company.  Denver  has  compiled  data  for  short  term  e.xpcsures  to  N2O4  and  concludes  that 
for  a  ten  minute  period,  the  MAC  value  for  N2O4  also  may  be  exceeded  by  a  factor  of  5.  The  Nitro¬ 
gen  Division  of  Allied  Chemical  (Reference  75)  reports  that  an  individual  exposed  himself  to  158  ppm 
of  NO2  for  ten  minutes  without  showing  adverse  after  effects.  This  value  exceeds  the  MAC  by  a 
factor  of  30.  It  would  indicate  that  Dr.  Silverman's  and  Dr.  Wortz 's  data  are  safe  values  for  short 
term  exposures. 


The  main  danger  (jf  acute  poisoning  with  NO2  is  the  development  of  pulmonary 
edema,  the  filling  of  the  lungs  with  fluid,  with  resultant  reduction  of  the  ability  of  the  lungs  to  trans¬ 
port  oxygen.  This  condition  normally  develops  considerably  later  than  the  exposure  to  the  fumes. 

The  initial  symptoms,  irritation  of  the  eyes  and  throat,  cough,  tightness  of  the  chest,  and  nausea,  are 
slight  and  may  not  be  noticed.  Later,  severe  symptoms  begin;  their  onset  may  be  sudden  and  pre¬ 
cipitated  by  exertion.  Cough,  feeling  of  constriction  in  the  chest,  and  difficult  breathing  occur. 
Cyanosis  (a  blue  tinge  to  the  mucous  membranes  of  the  mouth  and  eyelids,  and  lips  and  fingernail 
beds)  may  follow.  Persons  with  such  symptom.s  are  in  great  danger.  Milder  cases  may  show  signs 
of  bronchitis  with  cyanosis;  others,  nausea,  alxlominal  pain,  and  vomiting  (Reference  13). 

(2)  First  Aid 

If  N2O4  liquid  or  vapor  comes  in  ctmtact  with  the  skin,  immediately  wash  with 
copious  quantities  of  water.  If  splashed  into  the  eyes,  they  should  be  flushed  with  water  continuously 
for  15  minutes  with  a  fellow  emidoyee  assisting  the  injured  by  holding  the  eye  open,  if  necessary. 
Medical  assistance  should  be  summoned  immediately.  Administration  of  anything  else  such  as 
neutralizing  agents  should  lie  done  only  at  the  direction  of  a  physician. 

Persons  e.xjiused  to  N2O4  fumes  should  be  removed  from  contaminated  area 
immediately.  Patient  should  be  carried  and  not  allowed  to  walk  since  exertion  increases  the  effects 
of  pulmonary  edema.  Administration  of  oxygen  by  properly  trained  persons  is  usually  desirable. 
Those  known  to  have  Ijeen  seriously  exposed  should  lie  removed  to  a  hospital. 

Swallowing  of  N2O4  should  be  promptly  treated  by  drinking  large  amounts  of 
water  (or  milk  if  it  is  readily  available)  and  medical  attention  sought  at  once. 

(3)  Fire  and  Explosion  Hazards 

N2O4  alone,  will  not  burn  but  its  vapors  will  support  combustion.  If  fire  sup¬ 
ported  by  N2O4  occurs,  sliut  off  the  N2O4  supply,  if  possible,  and  extinguish  the  fire  by  using  an 
extinguisher  compatible  with  the  burning  material. 


‘These  represent  values  to  which  man  may  be  e.xposed  for  a  normal  working  day,  day  .ifter  day  with 
out  adverse  effect. 
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Noiihyiu  rn'ilic-  roc’kft  fuels  uro  u  |K>tentiul  explosion  hazurd  when  mixed  with 
N2O4.  N2O4  of  commercial  purify  is  stalde  at  ordinary  temperatures  and  can  be  safely  stored  in 
moderate  pressure  vessels.  It  is  stable  to  all  types  of  meehanical  shock  and  impact. 

N2O4  must  Ik'  stored  and  handled  in  well  ventilated  areas  remote  from  fuels. 

(4)  Handling 

Personnel  handling  H2O4  must  wear  protective  clothing.  In  general,  rubber 
suits,  boots,  and  gloves  made  of  GRS  rubber  imy  be  used  with  reasonable  safety  if  contamination  is 
washed  off  immediately.  Hoods  made  of  material  com|)atible  with  N2O4  are  recommended  (polyeth¬ 
ylene.  GRS  rubber).  Other  recommended  pr<Jtective  clothing  are: 

(a)  Gloves  -  vinyl  coated,  type  R-1  under  Specification  MIL-G-4241. 

Reference  13 

(b)  Gloves  -  Bluettes,  duPont  neoprene  rubber.  Pioneer  Rubber  Company, 

Willard.  Ohio 

(c)  Gloves  -  Edmont.  Cadet  style,  7897,  Edmont  Inc.,  Cushocton,  Ohio 

(d)  Vinyl-coated  fil)erglass  -  inner  typo  NA-1,  Specification  MIL-S-4553 

(USAF),  Reference  13 

(e)  Suit  Material  -  Specification  MIL-S- 12525  (QMC),  Reference  13 

Frequent  inspection  should  bo  made  of  all  protective  clothing  to  detect  flaws  which  might  result  in 
personal  injury. 

Should  it  be  necessary  to  enter  an  area  where  a  high  concentration  of  N2O4 
vapor  is  present,  a  self-contained  air  source,  such  as  a  Scott  Air-Pak,  should  be  worn.  An  adequate 
water  supply  must  be  available  for  flushing  and  decontamination  and  for  personnel  showers  and  eye 
baths.  Silica  gel  canister  will  remove  80'(  ol  oxides  of  nitrogen  and  provides  protection  for  five 
times  the  MAC  (Reference  76). 

If  leaks  or  spills  are  detected,  they  should  be  dealt  with  by  employees  who 
are  provided  with  adequate  personal  protective  equipment.  The  N2O4  must  be  flushed  away  at  once 
with  large  amounts  of  water. 

An  accidental  spillage  of  165  gallons  of  N2O4  was  experienced  during  a  pump 
test  u^der  this  contract.  At  the  time  of  the  spillage,  when  a  2- inch  line  ruptured,  personnel  were  not 
in  the  cell.  Personnel  in  the  area  downstream  of  the  prevailing  winds  were  warned  to  stay  under 
shelter  until  the  NO2  fumes  had  dissipated.  Floor  fl(H)ds  in  the  cell  were  turned  on.  Damage  to  the 
cell  consisted  of  mild  steel  attack  and  instrumentation  damage.  The  concrete  floor  was  not  visibly 
attacked.  No  one  was  allowed  in  the  cell  until  the  next  morning  when  this  line  was  capped  to  prevent 
the  remaining  N2O4  in  the  300  gallon  Uink  from  vaporizing.  Personnel  who  were  exposed  to  any  NO2 
fumes  were  examined  by  the  plant  doctor  the  next  d:iy.  Aside  from  slight  eye  and  throat  irritation, 
the  men  were  judged  physically  fit. 

N2O4  can  l)e  shipped  only  in  high  pressure  seamless  steel  cylinders  or  tank 
cars.  The  N2O4  is  received  at  Bell  Aerosystems  in  one-ton  mild  steel  cylinders.  Before  transfer, 
the  cylinder  and  its  contents  must  be  cooled  to  between  32  and  50  F.  After  cooling,  remove  the  pro- 


AFFTC  TR-60-61 


25 


tcctivi-  Clip  and  plut;.  then  install  an  adaptor  «n  t!ie  threadod  (jpeninj;.  This  adapter  should  be  made  <jf 
shunless  steel  (300  series)  for  continued  service.  The  cylinder  is  placed  in  a  horizontal  position  with 
the  cylinder  valves  in  the  vertical  cetJterline.  So  located,  ^aseijus  N2O4/NO2  can  bo  drawn  from  the 
toj)  valve,  liquid  N2O4  from  the  bottom  valve.  If  more  jiressure  is  required  to  transfer  liquid  N2O4, 
nitrofjen  or  comi)ressed  dry  air  may  be  used  as  the  pressurizint;  medium  (Reference  9). 

Unloading:  of  a  Link  car  into  a  storajje  Uiiik  may  be  acccjmplished  by  dry  com¬ 
pressed  air.  by  transfer  pumjj,  or  by  dry  compressed  inert  ^as.  The  supjjliers  of  N2O4  will  furnish 
more  specific  instructions  for  the  [troper  unlo;idin(4  of  tank  cars.  Before  charjjinn  any  system  with 
N2O4,  it  is  important  tliat  the  stora^te  tank,  all  pipe  lines,  valves,  and  fittings  are  free  of  oil,  otiier 
organic  materials,  scale,  foreign  matter,  and  traces  of  water.  If  any  part  of  the  system  contains 
moist  air  if  should  lie  flushed  thoroughly  with  dry  compressed  air  or  dry  compressed  inert  gas 
before  charging  is  begun. 

Specific  transfer  (iperations  for  small  and  large  quantity  transfers  are  ex¬ 
plained  in  the  body  of  this  report. 

Every  possible  precaution  should  lie  taken  in  liandling  containers  to  avoid 
damage  which  might  cause  leaks. 

(5)  Disposal 

Small  quantities  of  N2O4  should  be  vented  slowly  outdoors.  Large  quantities 
may  be  disposed  of  by  draining  slowly  below  the  surface  of  water  forming  nitric  acid  which  can  be 
neutralized  with  an  alkali  such  as  sodium  hydro.xide.  This  neutralization  should  take  place  prior  to 
dumping  into  a  waterway.  In  addition,  large  quantities  may  lie  disposed  of  by  burning  with  a  fuel 
such  as  kerosene. 

1).  Unsymmetrical  Dimethylhydrazine  (UDMH) 

UDMH  is  a  clear,  colorless,  fuming.  hygro.sco|)ic  licjuid  with  a  rather  sharp  ammunia 
or  fishy  odor  generi’lly  characteristic  of  organic  amines.  Tin-  odor  of  these  vapors  iijipears  to  offer 
adequate  warning  ol  acute  e.S[)o.sure  to  dangerous  concentrations  (  Reference  77)  .  The  physical  jiro- 
perties  of  this  fuel  are  reported  in  Talile  1. 

UDMH  is  hyiiergolic  with  strong  oxidizers  such  as  N2O4  and  fuming  nitric  acid.  It 
reacts  very  slowly  with  air  at  amliient  temjicrature  to  torm  traces  of  air  o.xidation  products  which 
imparts  a  yellow  color  to  the  jiroiiellant.  However,  this  condition  will  not  result  if  the  UDMH  is  main¬ 
tained  under  a  nitrogen  tilanket.  UDMH  is  soluble  in  water,  metliylene  chloride,  ethanol,  methanol, 
and  most  petroleum  fuels. 

(1)  Health  Hazards 

The  MAC  for  UDMH  is  0.5  ppm.  liut  for  sliort-terni  exposure.  Dr.  Silverman 
(Reference  76l  suggested  that  the  M.-\C  value  for  a  10- minute  jieriod  lan  lie  s.ifely  exceeded  by  a 
factor  of  10.  However,  Dr.  Wort/  has  calculated  data  (Reference  78)  to  show  tliat  tlu'  MAC  value 
may  lie  exceeded  liy  a  factor  of  5.  Dr.  Wort/.'s  data  iiiiglit  be  considered  to  lie  .i  s.ile  exposure  limit. 

In  suffii  ient  amounts.  UDMH  is  toxic  liy  inhalation,  ingestion,  and  skin  con- 
t.ict  iirociucing  several  significant  systemic  effects.  In  .uidiiion,  it  produces  local  irritating  effects 
upon  tile  I'yes  .ind  ilie  respiratory  tract.  UDMH  h.is  little  or  no  local  elfect  on  iIr  skin  liut  is  readily 
.ilisorlied  into  ihe  liody  by  this  route. 
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Knii\vlf(li;i'  cii  the  syslcMiiU'  <'ffccls  iiroduced  by  the  conijxiund  is  confined 
almost  entirely  to  tli  it  obiaiiieil  fi-oin  .iiiinial  experiments.  Short  e.xposures  effect  the  central  ner¬ 
vous  system  resulting  in  hypi  rpnea.  eonvulsioiis,  and  possibly  death.  Repeated  or  chronic  expos¬ 
ures  produce  to.xie  dama;j;e  to  the  livi“r  and  kidney.s  '.vhieti  more  jirobably  would  result  1.  death. 

Experience  with  human  e.xposure  to  N2H4  and  UOMH  is  limited,  but  cases  of 
delayed  and  po.ssibly  cum  tlalive  conjunctivitis  have  lK*en  reported  amon^  men  in  plants  manufactur¬ 
ing;  N2H4.  These  i>m|)loyees  also  complained  of  miusea,  dizziness,  and  headache.  The  occurrence 
of  dermatitis  anionn  such  personnel  was  reported. 

(2)  First  Aid 

Splashed  skin  anas  should  be-  washed  coj)iously  with  water.  The  eye,  if  con¬ 
taminated,  should  at  once  in-  flustu’d  copiously  and  thorou(;hly .  with  clean  water. 

A  person  suspc-cted  ol  UI>MH  vapor  j)oison  should  leave  the  conUiminated 
area  and  breathe  dc'i'ply  of  fresh  air. 

If  UDMH  is  t.iken  internally,  induce  vomiting. 

Individuals  who  have  been  overexjiosed  should  lie  e.xaminod  by  a  physician. 
Ret;ular  handlers  should  be  examined  by  a  physician  periodically. 

(3)  Fire  and  Explosion  Hazards 

The  lower  limit  of  ''laminability  of  UDMH  in  air  at  one  atmosphere  is  2.3  < 
by  volume  at  5  F.  Below  this  limit,  there  is  insufficient  UDMH  lor  lombustion.  The  upper  limit 
of  UDMH  in  air  at  one  .itmosplu’re  is  approximately  92' ,  by  volume  at  212  F.  Flame  did  not  projxi- 
t;ate  throu^th  UDMH  vapor  in  the  absence  of  air  at  oni-  atmosphi'ri’  (Reference  15). 

If  fires  occur,  water  in  larne  qiuintilies  should  be  used  to  extinguish  them. 
UDMH  will  not  burn  wtu'ii  diluted  with  2  to  3  times  its  volume  of  water.  The  U.S.  Bureau  of  Mines 
reported  that  53  parts  by  Volunu  water  jilus  47  parts  by  volume  UDMH  at  ambient  temperature 
(70  F)  will  not  burn  (Referiuici'  79). 

UDMH  vapors  can  be  exploded  by  an  eli'ctric  s|>.irk  or  an  open  flame  but 
liquid  UDMH  is  insinisitive  to  shcn  k  or  Iriciion. 

UDMH  should  be  stored  in  sheltered,  well- ventilated  areas  sejjarated  phys¬ 
ically  from  oxidizer  storage  areas.  Open-side  buildings  would  be  s.itisfaclory .  UDMH  containers 
should  be  grounded.  F;U>ctrical  eciuiimieiit  of  all  types,  in  tin-  area,  should  be  vapor  tight  and  explo¬ 
sion  jiroof.  Running  water,  hos(  s.  and  floor  dr.iins  should  .ilso  be  provided. 

(4)  Handling 

Pi'rsonnel  h.tndling  UDMH  must  we.ir  protei’tivi'  clothing.  In  general,  rubber 
suits,  boots  .ind  gloves,  and  hoods  will  suftice.  The  proiei-tive  clothing  listi'd  in  the  N2O4  section  is 
satislactory  lor  use  with  UDMH. 

Should  il  be  nei-essary  to  enter  ,in  .1  rea  wheix-  a  high  c mcent ration  of  UDMH 
vapor  is  presinit.  a  self-cimi.i  iiu'd  .iir  source,  such  .is  .1  Scott  .Air- Pack,  should  bi-  worn.  For  30 
minutes,  a  canister  type  protective  breathing  app.iratus  is  ellective  tor  contamination  U  vi  ls  uj)  to 
10,000  ppm  (Referenci'  7(i). 
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If  It'aks  or  sj)ill.s  are  detecled.  Ihey  should  be  dealt  with  by  employees  who 
are  provided  with  adequate  personal  protective  equipment.  Dilution  with  copious  quantities  of  water 
and  flushing;  down  drains  into  catch  Ixisins  should  be  carried  out  as  soon  as  possible. 

Larj:e  quantities  of  UDMH  should  Ije  transferred  in  clean,  closed  metal  sys¬ 
tems.  The  UDMH  should  be  blankc'ted  with  nitrogen  at  all  times. 

At  Bell,  UDMH  transfers  are  mjide  from  the  receiver  drums  (55  gallons 
ca|)acity)  to  cell  tanks  by  means  of  an  Fco  pump.  This  is  a  positive  displacement  pump  made  of  stain 
less  steel  with  a  glass  impregnated  Teflon  im|)eller.  The  pum]>  is  ca]Xible  of  pumping  10  ga.'lons  per 
minute.  Prior  to  pum))ing,  the  drum  of  UDMH  is  grounded  to  the  ]>ump  which  in  turn  is  grounded  to 
the  valve  fill  line.  On  oc"asion.  drums  are  emptied  by  gravity  flow  or  pressurized  with  nitrogen  to 
2  psig  with  a  pop  safety  valve  used  to  insure  against  over-pressurization.  Before  discarding,  the 
empty  drum  should  be  flushed  thoroughly  with  water  to  remove  any  remaining  small  amount  of  UDMH 
For  drums  being  only  partially  emptied,  the  most  cr»nservative  practice  is  the  maintenance  of  an 
atmosphere  of  inert  gas  with  vapor  sjxice  as  the  contents  are  withdrawn. 

Tank  cars  loaded  with  UDMH  are  equipped  with  a  standpipe  through  which 
the  contents  are  removed.  Discharge  of  the  car  c«)ntents  can  be  achieved  by  pressurization  with  an 
inert  gas, such  as  nitrogen,  or  by  pumping.  Priming  of  the  pump  can  be  accomplished  by  either  nitro¬ 
gen  pressurization  or  other  acceptable  priming  practices  (Reference  13). 

(5)  Disposal 

Because  UDMH  in  water  can  have  adverse  effects  on  fish  and  animals,  it 
should  nut  be  added  deliberately  to  drainage  ditches  or  ponds.  Bulk  qiuintities  should  be  collected 
in  suitable  containers  for  burning.  When  UDMH  enters  draimige  systems  by  accident,  it  must  be 
reduced  to  safe  limits  by  addition  of  a  chemical  which  will  decompose  the  UDMH  (Reference  80). 

A  research  program  was  carried  out  in  the  Bell  Aerosystems’  Propellants 
Laboratory  to  find  methods  for  deternaning  small  quantities  of  UDMH  and/or  N2H4  in  waste  water 
and  destroying  them  by  chemical  means.  One  ppm  can  have  adverse  effects  on  fish  (Reference  82). 

Hypochlorite  was  found  to  effectively  destroy  both  UDMH  and  N2H4.  The 
factors  for  destruction  of  both  UDMH  and  N2H4  using  100  calcium  hypochlorite  have  been  worked 
out  and  are  as  follows; 


(a)  UDMH  factor  =  0.00128  oz/ppm^gal 

(b)  N2H4  factor  0.00256  oz/ppm/gal 

The  calculations  for  determining  the  amount  of  hypochlorite  necessary  for 
destruction  of  UDMH  and/or  N2H4  in  a  waste  pond  are  as  follows; 

Capacity  of  pond  x  ppm  UDMH  or  N2H4  found  x  factor  (oz/ppm/gal)  .  0,j(ciO)2  needed 

At  Bell  Aerosystems  Company,  the  aforementioned  methods  are  in  use  at  the  present  time  with  one 
exception;  70'i  calcium  hypochlorite  is  used  in  place  of  lOO'i'..  It.  is  purchased  under  the  lirand  n.iine 
HTH  from  Olin  Mathieson  Chemical  Corporation. 

The  pond  is  checked  twice  daily  for  the  UDMH  and/or  N2H4  content. 
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c.  Hydrazine  (N2H4) 

N2H4  is  a  clear,  colurh-ss,  hyuroscnpic  liquid  with  an  odor  similar  to  that  of  ammo¬ 
nia.  Its  hit;h  perforniancc  and  hitjh  density  make  it  an  e.xcellent  fuel.  The  physical  properties  of  N2H4 
are  reported  in  Table  1. 

N2H4  ‘s  a  strong  reducing  agent  and  a  weak  chemical  base.  It  will  react  with  carbon 
diu.xide  and  o.xygen  in  air.  It  is  hypergolic  with  such  oxidizers  as  N2O4,  fuming  nitric  acid,  chlorine 
trifluoride,  liquid  fluorine,  and  hydrogen  peroxide. 

When  N2H4  is  exposed  on  a  large  surface  to  air,  such  as  on  rags,  it  may  ignite 
spontaneously  due  to  the  evolution  of  heat  caused  by  oxidation  with  atmospheric  oxygen.  A  film  of 
N2H4,  in  contact  with  nieUillic  oxides  and  other  oxidizing  agents,  may  ignite  (Reference  13). 

N2H4  will  decompose  sponUtneously  in  a  similar  way  to  hydrogen  peroxide.  The 
reaction  of  N2H4  with  the  oxid^'S  of  copper,  manganese,  iron,  silver,  mercury,  molylxlenum,  lead, 
or  chromium  may  be  p;irticularly  violent  (Reference  13). 

N2H4  is  solul)le  in  water  in  all  proportions  and  in  low  molecular  weight  alcohols.  It 
is  insolul»le  in  JP-4  and  methylene  chloride. 

(1)  Health  Hazards 

TIu'  MAC  for  N2H4  is  1.0  ppm  l)ut  f(»r  short-term  exposure,  Dr.  Silverman 
(Reference  76)  suggested  tiiat  the  MAC  value  for  a  10- minute  i)eri(xl  can  l)e  safely  exceeded  by  a 
factor  of  10.  However,  Dr.  Wortz  has  calculated  daUi  (Reference  78)  to  show  that  the  MAC  value 
may  l)e  exceeded  l)y  a  factor  of  5.  D-  Wortz 's  daui  might  lx*  considered  as  safe  exposure  limits. 

Anhydrous  or  aqueous  solutions  of  N2H4  are  toxic  by  contact  with  the  skin, 
inhallation  with  vapors  or  by  ingestion  producing  several  systemic  effects.  In  addition,  N2H4  pro¬ 
duces  bical  irritating  effects  upon  the  eyes  and  the  respiratory  tract, 

When  N2H4  comes  in  conUict  with  the  skin,  there  is  a  burning  sensation 
similar  to  an  alkali-like  l)urn.  When  vapors  are  inhaled,  dizziness  and  nausea  follow  within  a 
short  time  after  exiiosure.  When  vapors  attack  the  eyes,  a  delayed  action  is  noted.  Some  hours 
later,  the  eyes  Ijecome  inflamed,  swollen,  and  discharge  pus.  Temiwrary  blindness  may  set  in. 

Oral  intake  causes  upset  stomach  and  nausea  (Reference  80). 

(2)  First  Aid 

If  N2H4  is  taken  interiKilly,  egg  whites  or  other  emollient,  followed  by  a  5'^ 
saline  solution  or  other  mild  emetic,  should  be  administered  immediately.  A  physician  should  be 
called  at  (jnce  and  the  patient  kept  as  quiet  as  possible. 

Individuals  who  tuive  been  over  exposed  to  N2H4  vapors  should  be  examined 
by  a  physician.  Regular  twndlers  should  be  ex;imined  by  a  physician  periodically. 

Liquid  N2H4  is  corrosive  to  Ijody  tissues  and  must  be  removed  promptly  by 
washing  with  a  large  quantity  of  water.  The  affected  areas  should  be  treated  for  alkali  burns.  If 
N2H4  comes  in  contiict  with  the  eyes,  a  physician  should  be  called  while  the  eye  is  being  flu  hed 
with  copious  quantities  of  clean  water  (Rerference  17). 
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(3)  Fire  and  Explosion  Hazards 


N2H4  is  flammable  both  in  the  liquid  and  vapor  state.  Vapors  are  flammable 
in  air  in  all  concentrations  above  4. 67't  by  volume  at  205  t8°F  (Reference  81).  Even  with  nitrogen  as 
diluent,  N2H4  forms  inflammable  mixtures  above  38'»  (Reference  16).  Solutions  containing  more  than 
60'(  water  will  not  flash  when  in  contact  with  a  flame  (Reference  79). 

N2H4  may  be  e.xpeetcd  to  undergo  decomposition  under  appropriate  conditions 
with  the  release  of  considerable  energy.  The  decomposition  of  N2H4,  catalyzed  by  metallic  oxides 
such  as  iron,  molylxienum,  copper,  lead,  manganese,  silver,  mercuric,  and  chromium,  may  be  violonl 
and  cause  an  explosion  or  a  fire.  In  the  absence  of  decomposition  catalysts,  liquid  N2H4  may  be 
heated  above  500°F  with  very  little  decomposition  (Reference  13). 

N2H4  vapor  can  tie  detonated  by  a  spark,  and  the  vapor  propagates  detonation 
within  the  flammability  limits.  Th<?  autoignition  temperature  of  N2H4  blanketed  with  air  in  stainless 
steel  is  313  F,  but  blanketed  with  nitrogen,  no  ignition  was  noted  up  to  7800  F  (Reference  16). 

N2H4  fires  are  of  the  fuel  type  (or  fuel  and  oxidizer  type).  For  fuel  fires, 
water  is  the  most  effective  extinguishing  agent.  It  cools  the  N2H4  while  at  the  same  time  diluting 
it.  A  mixture  of  three  parts  water  and  two  {xirts  N2H4  will  not  burn.  Because  of  the  wide  flammable 
limits  and  reignition  hazard  of  N2H4,  vaporizing  liquids,  powders,  water  log,  and  foams  are  not  as 
elective  as  water  dilution  in  controlling  this  type  of  fire  (Reference  13). 

For  flare  type  fires  with  fuel  and  an  oxidizer,  water  is  also  the  most  effec¬ 
tive  agent  where  acceptable  for  the  specific  oxidizer  present. 

(4)  Handling 

Personnel  handling  N2H4  must  wear  protective  clothing.  In  general,  rubber 
suits,  boots  and  gloves,  and  hoods  will  suffice.  The  protective  clothing  listed  in  the  N2O4  section  is 
satisfactory  for  use  with  N2H4. 

Should  it  l)e  necessary  to  enter  an  area  where  a  high  concentration  of  N2H4 
vapor  is  present,  a  self-contained  air  source,  such  as  a  Scott  Air- Pack,  should  be  worn.  For  periods 
ci  30  minutes,  a  canister  type  of  protective  breathing  ai)paratus  is  effective  for  contamination  levels 
up  to  10,000  ppm  of  N2H4  (Reference  76). 

If  leaks  or  spills  are  detected,  they  should  be  dealt  with  by  employees  who  are 
provided  with  adequate  personal  protective  equipment.  Dilution  with  water  and  flushing  down  drains 
into  catch  basins  should  be  carried  out  as  soon  as  possible.  Before  release  from  a  catch  basin,  the 
N2H4  must  be  reduced  to  safe  limits  by  chemical  means. 

Drum  quantities  (55  gallon  capacity)  of  N2H4  are  unloaded  in  tlie  same  manner 
as  the  UDMH  transfers  by  pumping,  gravity  flow,  or  pressurization  with  nitrogen.  Again,  prior  to 
pumping,  the  drum  of  N2H4  is  grounded  to  the  pump  which  in  turn  is  grounded  to  the  valve  fill  line. 
Empty  drums  should  be  filled  with  water,  drained,  and  the  bung  replaced  prior  to  setting  aside  for 
storage  or  return  to  the  manufacturer.  As  a  precautionary  safety  measure,  maintain  an  atmosphere 
of  nitrogen  over  the  N2H4  at  all  times  and  purge  transfer  lines  and  the  container  receiving  the  N2H4 
with  nitrogen  prior  to  transfer. 

In  general,  normal  acceptable  practices  for  unloading  tank  cars  of  combusti¬ 
ble  liquids  apply.  Tank  cars  loaded  with  N2H4  are  equipped  with  a  standpipe  through  which  the  con- 
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tents  shall  be  removed.  Disc-hart'e  of  the  ear  eonteiits  can  be  achieved  l)y  pressurization  with  nitrogen 
or  by  pumping.  If  pumi)iiig  is  used,  nitrogen  must  l)e  lileti  into  the  top  of  the  Uink  car  to  prevent  any 
atmospheric  o.xygen  from  entering.  Altei’  lieing  emptiecl.  the  Uink  ear  must  be  thoroughly  flooded  with 
nitrogen,  capped,  and  returned  (Reference  13). 

(5)  Disposal 

Because  N2H4  in  water  can  have  adverse  effects  (jii  fish  and  animals,  it  should 
not  l)e  added  deliberately  to  draitiage  ditche.s  or  ponds.  Bulk  qu:tntities  sliould  be  collected  in  suitable 
conUiiners  for  burning.  When  N2H4  enters  drainage  systems  Ijy  accident,  it  must  be  reduced  to  .safe 
limits  l)y  addition  of  a  chemical  whicli  will  decompose  the  N2H4  (Reference  80).  (See  disposal  section 
under  UDMH  for  chemical  treatment.) 

d.  Detection  Devices 

Portalde  devices  for  measuring  oxidi'S  of  nitrogen  are  manufactured  Ity  Mine  Safety 
Appliance  Comitany  of  Pitlsliurgli  and  Union  Industrial  Etiuiiimenf  Corporation  of  Port  Chester.  New 
York.  MSA  also  manufactures  portalile  kits  for  UDMH.  There  is  no  ijortable  equipment  available  for 
measuring  N2H4  contamination.  Tlie  devici's  listed  in  llie  aforementioned  are  recommended  for 
measurement  of  contamination  in  ilie  0  to  1500  ppm  range  (Reference  76). 

The  Kruger  Instrument  Com|Kiny  manufactures  a  recording  device  for  measuring 
contamiiution  levels  of  o.xides  of  nitrogr-n.  MSA  will  manufacture  a  device  which  can  l)e  connected 
to  recording  equiiiment  and  warning  devices  and  which  can  defect  UDMH.  N2H4or  NO2  in  the  toxicity 
range  (Reference  70). 

Where  an  explosive  hazard  exists.  ex|)losimeters  manufactured  liy  MSA,  Davis 
Engineering  Company  of  Newark,  and  others,  are  adequate  for  detecting  contamination  levels  Ijetween 
one  and  five  percent  (Reference  76). 

Recently  it  was  learned  that  Micro- Path  Incorporated  lias  marketed  portalHe  devices 
which  are  capalile  of  detecting  oxidizers  and  fuids  in  concentrations  as  low  as  one  ppm  to  1000  ppm. 
The  devices  are  called  the  Austin  Remote  Alarm  Gas  Detector,  one  M(.)del  (3055)  cajiable  of  detecting 
NO2  and  another  Model  (3050)  capalile  ot  detecting  luels  sucli  as  UDMH  or  N2H4  (Reference  83). 

These  dc'.ua's  .ire  currently  under  ev.ilu.ilion  and  tiieir  iiresence  in  tliis  report  does 
not  constitute  a  recommendation. 

4.  Pumping  Parameti'rs 

a.  Sea)  and  P-  -aring  Evalu,ition 

During  tliis  program,  eight  .■•..'al  configurations  of  various  construction  and  material 
were  evaluated  in  licjuid  N2O4.  The  seal  evalu,ition  was  m.ide  witli  a  seal  test  fixture  (Figure  70) 
mounted  on  a  10  HP  vari-drive  (Figure  71). 

In  addition,  four  liearing  configurati  <ns,  a  liall  tiearing.  roller  bearing,  and  two 
sleeve  type  liearings.  were  evaluated.  The  liearing  tests  were  conducted  in  a  modified  seal  test  fi.x- 
ture  as  sliown  in  Figure  72.  Tlie  fixture  was  also  mounted  and  driven  liy  the  10  HP  vari-drive  as 
mentioned  previously.  A  summary  of  tlie  test  results  are  taliulated  in  Talile  77. 
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(1)  The  first  seal  was  a  Sealol  Seal  No.  A-1C353.  This  seal  consists  of  a  tyjje  347 
stainless  steel  welded  i)ellows,  cup,  and  end  pieces.  The  seal  face  insert  (2.251-inch  OD  and  1.530- 
ineh  ID)  w.is  ^lass  impret;nated  Teflon  (Fifjure  73)  ojjeratinif  ajjainst  a  rotatinj;  type  316  stainless  steel 
mating;  rin^;  (Figure  74).  Tiie  seal  face  ruhliin;'  velocity  diirinn  tliese  tests  was  109  ft/sec  at  14,000 
r[)m  shaft  sjjced.  The  propellant  i)ressure  was  95  psij;.  The  followintr  leakatjc  rates  were  recorded. 
All  leakage  rates  are  reported  in  cubic  centimeters  j)er  minute  (cc/min). 


Run  No. 

Run  Tinu- 
Seconds 

Prerun  Static 
Leakage  cc/min 

Dyiuimic 
Lt'alcige  cc/min 

Postrun  Static 
Leakage  cc/min 

515 

60 

50 

150 

50 

517 

120 

50 

115 

5 

518 

180 

5 

100 

75 

519 

240 

75 

87.5 

100 

520 

300 

100 

64 

0 

Postrun  inspection  show'ed  the  seal  and  test  fixture  hardware  to  be  in  very 
clean  condition.  The  sealing  faces  showed  excellent  smooth  contact  pattern  with  only  minute  wear 
on  the  glass  impregnated  seal  face.  This  test  also  served  the  i)urj)ose  to  check  out  the  cell  system. 
Figures  73  and  74  are  photographs  Liken  after  the  test. 

(2)  The  second  seal  configuration  evaluated  was  a  Sealol  Seal  No.  MFC-20JOB-22 
(2.126-inch  OD  and  1.410-inch  ID).  This  seal  consists  of  an  AM350  sUiitiless  steel  (a  precipitation¬ 
hardening  alloy)  welded  bellows,  tuj).  and  end  pieces.  The  seal  fare  insert  is  Graphitar  G-39  carbon 
(Figure  75)  operating  against  a  tyiie  316  stainless  steel  mating  ring  (Figure  76).  The  seal  face  rubbing 
velocity  was  105  ft /'sec  at  14,000  rpm  sliaft  speed.  The  propellant  pressure  was  85  psig.  The  follow¬ 
ing  leakage  rates  were  recorded: 


Run  No. 

Run  Time 
Seconds 

Prerun  Static 
Leakage  cc/'min 

Dyna  imc 
Lealcige  cc/min 

Postrun  Static 
Leakage  cc/min 

521 

60 

0 

0 

0 

522 

120 

0 

0 

0 

523 

180 

0 

0 

0 

524 

240 

0 

0 

0 

525 

400 

0 

0 

0 

526 

400 

0 

1  cc/400  sec 

0 

527 

400 

0 

1  cc  '400  sec 

0 

528 

400 

0 

1  cc  ''400  sec 

0 

Postrun  insjjection  showed  the  seal  and  test  fixture  liardware  to  !)e  in  very 
clean  condition  with  no  sign  of  chemical  attack.  The  carbon  face  was  in  e.xcellent  condition  aiul  !!'.•’ 
type  316  stainless  steel  mating  ring  showed  superficial  scuff  marks  on  the  mating  surface.  Figures 
75  and  76  are  photographs  taken  after  the  test. 

A  repeat  test  was  conducted  with  this  seal.  The  seal  was  relapped  and  installed 
in  the  test  rig  with  a  new  type  316  stainless  steel  mating  ring  (Figures  77  and  78,  photographs  Liken 
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after  test). 

The  test  conditions 

were  the  same  except  the  propellant  pressure 

was  increased  to  135 

psig.  The  following  leakage  rates  were  recorded: 

Run  Time  Prerun  Static 

Run  No.  Seconds  Leakage  cc/min 

Dynamic 

Leakage  cc/min 

Postrun  Static 
Leakage  cc/min 

529 

60 

0 

0 

0 

530 

120 

0 

0 

0 

531 

180 

0 

3 

3 

532 

240 

3 

10 

3 

533 

400 

3 

6 

0 

534 

60 

0 

0 

0 

535 

400 

0 

5 

0 

536 

400 

0 

2 

0 

537 

400 

0 

5 

0 

538 

400 

0 

7 

0 

Postrun  inspection  showed  the  carbon  seal  face  and  bellows  to  be  in  excellent 
condition  with  little  visible  wear  to  the  face.  The  mating  ring  displayed  a  very  smooth  wear  contact 
pattern.  No  scuff  marks  were  present  c  \  the  mating  ring  as  on  the  previous  test  run  at  85  psig  fluid 
pressure. 

(3)  The  third  seal  configuration  evaluated  was  a  Sealol  Seal  No.  A- 18528  (2.126- 
inch  OO  and  1.468-inch  ID).  This  seal  consists  of  GraphiUr  G-39  carbon  seal  face  insert  with  a  butyl 
rubber  chevron  internal  static  seal  packing.  The  skirt  and  seal  housing  are  300  series  stainless  steel. 
Figure  79  shows  th.>  carbon  seal  face  insert  after  test.  The  mating  ring  material  was  nitralloy  (Fig¬ 
ure  80,  photograph  taken  after  test).  This  seal  was  tested  for  23  minutes  and  20  seconds  in  one  day 
at  14,0(. 0  rpm  shaft  speed  and  135  psig  fluid  pressure.  The  seal  face  rubbing  velocity  was  105  ft/sec. 
The  evaluation  was  stopped  until  the  following  day.  The  next  day.  during  the  prerun  static  pressure 
check,  the  seal  failed.  Postrun  inspection  showed  Uuit  the  butyl  rubber  packing  in  the  seal  had  deteri¬ 
orated  due  to  attack  of  N2O4  fumes  during  overnight  shutdown.  Note,  in  Figure  81,  the  flow  of  butyl 
rubber  sealant.  The  sealing  faces  showed  excellent  wear  patterns.  The  following  leakage  rates  were 
recorded: 


Run  No. 

Run  Time 
Seconds 

Prerun  Static 
Lealuige  cc/min 

Dynamic 
Leakage  cc/min 

Postrun  Static 
Leakage  cc/min 

539 

60 

3 

17 

0 

540 

>‘’0 

0 

3 

2 

541 

180 

2 

2 

0 

542 

240 

0 

4 

0 

543 

400 

0 

4 

0 

544 

400 

0 

3 

0 
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(4)  The  fourth  seal  to  In?  tested  was  Sealol  Seal  No.  A- 19169  (2.126-inch  OD  and 
1.410-inch  ID),  a  bellows  type  face  seat  with  antirotation  locks.  This  seal  consisted  of  a  G-39 
Graphitar  carbon  face,  0.006-inch  thick,  type  410  stainless  steel  bellows,  and  300  series  stainless 
steel  cup  and  end  pieces  (Figure  82,  photu(;raph  taken  after  test).  The  niutintt  rinj'  was  type  346 
stainless  steel  (Figure  83,  photograph  taken  after  test).  The  seal  face  rubbing  velocity  was  105 
ft/sec  at  14,000  rptn  shaft  speed.  The  propellant  pressure  was  85  psig.  This  seal  was  run  through 
two  test  cycles  with  a  total  accumulated  run  time  of  73  minutes  and  20  seconds.  The  following  leak¬ 
age  rates  were  recorded: 


Run  Time 

Prerun  Static 

Dyiiiimic 

Postrun  Static 

Run  No. 

545 

Seconds 

60 

Leakage  cc/min 

Leakage  cc/min 

Leakage  cc/min 

546 

120 

0 

2 

0 

547 

180 

0 

0.5 

0 

548 

240 

0 

0.3 

0 

549 

400 

0 

0 

0 

550 

400 

0 

0 

0 

551 

400 

0 

0 

0 

552 

400 

0 

0 

0 

553 

60 

0 

0 

0 

554 

120 

0 

0 

0 

555 

180 

0 

0 

0 

556 

240 

0 

0 

0 

557 

400 

0 

0 

0 

558 

400 

0 

0 

0 

559 

400 

0 

0 

0 

560 

tOO 

0 

0 

0 

Postrun  inspection  showed  the  seal  to  be  in  good  condition.  The  arbon  nose 
piece  was  worn  approximately  0.015  inch,  but  displayed  a  good  even  wear  pattern.  The  iting  ring 
displayed  superficial  check  marks  on  the  wear  surface. 

(5)  The  fifth  seal  configuration  evaluated  was  Sealol  Seal  No.  A-  -9  (2.126- 

inch  OD  and  1.410-inch  ID),  a  bellows  type  face  seal  with  antirotation  locks.  This  sc  onsisted  of 

a  G-39  Graphitar  carbon  face,  0.006-inch  thick,  type  410  stainless  steel  bellows,  and  •  series 
stainless  cup  and  end  pieces  (Figure  84,  photograph  taken  after  test).  The  mating  rin,  s  chromium 
carbide  flame  plated  No.  B-16341  (Figure  85,  photograph  taken  after  test).  The  seal  fa  'b’  „ 
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velocity  was  105  ft  'see  at  1 4.00011)111  shaft  s|m-<*(I.  The  propellant  pressure  was  85  psig.  The  seal 
v:i-  tested  through  two  test  cycles  acciiiiiulatini'  T.i  minutes  and  20  seconds  run  time.  The  folluwinir 
lean..,  -ates  were  recordetl: 


Run  No. 

Run  Time 
Seconds 

Prerun  Static- 
Leakage  cc/min 

Dyna  mic 
Leakiige  cc/min 

Postrun  Static 
Leakage  cc/min 

561 

60 

0 

5 

0 

562 

120 

0 

1 

0 

563 

180 

0 

1 

0 

564 

240 

0 

0 

0 

565 

400 

0 

1 

0 

566 

400 

0 

0.5 

0 

567 

400 

0 

0 

0 

568 

400 

0 

0 

0 

569 

60 

0 

0 

0 

570 

120 

0 

0 

0 

571 

180 

0 

0 

0 

572 

240 

0 

0 

0 

573 

400 

0 

0 

0 

574 

400 

0 

0 

0 

575 

400 

0 

0 

0 

576 

400 

0 

0 

0 

Postrun  inspection  showed  the  seal  to  be  in  yood  condition.  The  carbon  nose 
piece  was  worn  approximately  0.010  inch.  l)ut  shifwod  a  very  smooth  wear  pattern.  The  chromium 
carl)ide  flame  plated  seal  face  on  the  matin)'  rini;  showed  a  very  smooth  wear  pattern  with  very  sliglit 
indication  of  scuffini;  or  check  marks.  This  is  an  improvement  over  the  last  test  when  this  type  seal 
configuration  was  evaluated  with  a  316  stainless  sf'el  mating  surface  where  the  check  marks  or  scuff¬ 
ing  was  more  severe. 

(6)  The  sixth  seal  configuration  evaluated  was  a  Sealol  Seal  No.  A- 25094  (2.126- 
inch  OD  and  1.410-inch  ID)  bellows  typo  seal.  This  seal  consisted  of  a  glass  impregnated  Teflon  seal 
face,  with  a  0.005-inch  thick  AM-350  stainless  steel  Ijellows  and  300  series  stainless  steel  cup  and 
end  pieces  (Figure  86,  pliotograj)!!  taken  after  test).  The  mating  ring  was  316  stainless  steel  (Fig¬ 
ure  87,  photograph  taken  after  ti’st).  The  seal  face  ruliljing  velocity  was  105  ft/sec  at  14,000  rpm 
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shaft  speed.  The  propellant  pressure  was  85  psijj.  The  seal  was  evaluated  throut;h  two  lest  cycles, 
with  a  total  accumulated  run  time  of  73  minutes  and  20  seconds.  The  followini;  leakace  rates  were 
recorded: 


Run  No. 

Run  Time 
Seconds 

Prerun  Static 
Leakage  cc/min 

Dynamic 
Leakage  cc/min 

Postrun  Static 
Leakage  cc/min 

577 

60 

0 

0 

0 

578 

120 

0 

0.5 

0 

579 

180 

0 

5 

5 

580 

240 

5 

9 

25 

581 

400 

25 

4 

4 

582 

400 

4 

1 

15 

583 

400 

15 

0 

10 

584 

400 

10 

2 

10 

585 

58 

6 

6 

4 

586 

120 

4 

1 

6 

587 

180 

6 

4 

2 

588 

240 

2 

5 

4 

589 

400 

4 

7 

2 

590 

400 

2 

1 

0 

591 

400 

0 

0 

0 

592 

400 

0 

0 

0 

\ 


During  postrun  inspection,  the  glass  impregnated  Teflon  face  displayed  a 
smooth  wear  pattern  with  some  grooving.  The  face  wore  appro.ximately  0.015-inch.  The  316  stain¬ 
less  steel  mating  ring  also  displayed  a  good  wear  |)attern  with  some  minute  circumferential  groov¬ 
ing  less  than  0.001-inch  in  depth. 

(7)  The  seventh  seal  conligurati(jn  evaluated  was  Sealol  Seal  No.  A-9152  (2.188- 
inch  OD  and  1.468-inch  ID),  a  ixicking  type  face  seal.  This  seal  consisted  of  a  glass  impregnated 
Teflon  face  and  Teflon  internal  static  seal  ixicking  with  300  series  stainless  steel  skirt  and  cup  (Fig¬ 
ure  88,  photograph  taken  after  lest).  The  mating  ring  was  316  stainless  steel  (Figure  89.  photograph 
taken  after  test).  The  seal  face  rubbing  velocity  was  103  ft/sec  at  14,000  rpm  shaft  speed.  The  pro¬ 
pellant  pressure  was  85  psig.  The  seal  was  tested  for  73  minutes  and  20  seconds.  The  following  leak¬ 
age  rates  were  recorded; 
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Run  No. 

Run  Time 
St'cond.s 

I'rernn  Statii' 
I.eakage  cc/niin 

Dymi  mic 
Leakage  cc/min 

P(>strun 

Leakage 

593 

60 

0 

2 

0 

594 

120 

0 

5 

8 

595 

180 

8 

17 

8 

596 

240 

8 

4 

8 

597 

400 

0 

64 

70 

598 

400 

70 

23 

25 

599 

400 

25 

11 

50 

600 

400 

50 

38 

175 

601 

60 

175 

60 

100 

602 

120 

100 

55 

90 

603 

180 

90 

33 

75 

604 

240 

75 

19 

75 

605 

400 

5 

5 

10 

606 

400 

10 

11 

50 

607 

400 

50 

32 

35 

608 

400 

35 

8 

35 

Postruii  inspection  showed  that  one  of  the  wave  springs  was  jammed  over  the 
spring  separator  washer,  thus  preventing  proper  spring  action  in  the  seal  and  preventing  proper  seal 
face  contact  which  resulted  in  higti  leakage  rates.  The  sealing  faces  showed  e.xcellent  wear  patterns. 

(8)  The  eighth  seal  configuration  evalu;iled  was  Sealol  Seal  No.  A- 19936  (2.424* 
inch  OD  and  1.530-inch  ID),  a  l)ellows  type  face  seal.  The  seal  consisted  of  a  glass  impregnated 
Teflon  face  with  347  sUiinless  steel  t)ell(jws  (Figure  90.  photograph  Utken  after  test).  The  mating 
ring  was  316  sUiinless  steel  (Figure  91,  photograph  Uiken  after  test).  The  seal  face  rubbing  velocity 
was  109  ft/sec  at  14,000  rjim  shaft  speeil.  This  seal  was  tested  for  39  minutes  and  19  seconds  at 
which  time  testing  was  terminated  due  to  e.xcessive  leak.ige.  The  following  leakage  rates  were  recorded 


Run  No. 

Run  Time 
Secc'nds 

Prerun  Static 
Leakage  cc/min 

Dy  na  mic 
Lealcige  cc/min 

Postrun  Static 
Leakage  cc/min 

609 

60 

0 

10 

0 

610 

120 

0 

28 

0 

611 

180 

0 

47 

10 

612 

240 

10 

38 

10 

613 

400 

10 

6 

140 

614 

400 

140 

10 

175 

615 

400 

175 

8 

175 

616 

ICO 

350 

186 

350 
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Postrun  inspection  showed  Uiat  the  bellov/s  t(jok  u  permanent  set  at  the  oper¬ 
ating:  seal  heit:ht,  thus  preventing  proper  seal  face  co«>‘act  and  causing  high  static  and  dynamic  leak¬ 
age.  This  type  of  permanent  setting  occurs  occasioia' I.'y  with  type  347  stainless  steel  bellows  since 
this  material  is  not  heat-treatable.  The  sealing  faces  were  in  good  condition  with  no  visible  wear. 

(9)  The  first  bearing  evaluated  in  liquid  N2O4  wasanMRC205-S  stainless  steel 
ball  bearing  (Figure  92,  photograph  taken  after  test),  manufactured  by  Marlin-Rockwell  Corporation. 
The  inner  race,  outer  race,  and  balls  are  440C  stainless  steel  and  the  bearing  cage  is  machined  and 
riveted  "S"  monel.  In  conjunction  with  the  Ixtll  bearing  evaluation,  the  Scalol  Seal  No.  MFC-20JOB-22, 
with  a  316  stainless  steel  mating  ring,  was  further  tested.  This  seal  had  been  jjreviously  tested  for  a 
total  of  81  minutes.  The  seal  consists  of  an  AM-350  sUtinless  steel  bellows,  cujis,  and  end  pieces  and 
the  seal  face  insert  is  Graphitar  G-39  carbon  (Figures  93  and  94,  photographs  taken  after  test).  The 
seal  face  rubbing  velocity  was  105  ft/sec  at  14,000  rpm  shiift  .s|>eed.  The  propellant  pressure  was  85 
psig.  A  total  running  time  of  45.5  minutes  has  been  accumulated  on  the  bearing  and  126.5  minutes  on 
the  seal.  The  bearing  was  inspected  and  no  detrimental  effects  noted.  The  seal  and  sealing  faces  were 
in  e.xcellent  condition.  The  bearing  was  evaluated  under  the  following  load  conditions; 


Run  No. 

Run  Time 
Seconds 

Radial  Load 

Lb 

Thrust  Load 

Lb 

Dynamic 

Seal  Leakage  cc/min 

617 

60 

0 

0 

0 

618 

60 

34 

19 

0 

619 

60 

62 

34 

0 

620 

60 

102 

51 

0 

621 

60 

152 

75 

0 

622 

60 

201 

98 

0 

623 

454 

200 

100 

0 

624 

1200 

200 

100 

0 

625 

720 

200 

100 

0 

See  Figures  95  and  96  for  plots  of  temperature  versus  time  for  test  ball  bearing  for  Runs  617  through 
625.  Figure  97  is  a  plot  of  Ijall  bearing  temperature  rise  versus  applied  radial  and  thrust  load  in 
pounds  for  the  test  ball  bearing  which  is  comiiletely  submerged  in  N2O4.  It  is  noted  from  the  plot, 
that  when  the  applied  radial  and  thrust  toads  increase,  the  AT  (bearing  temperature  risel  decreases. 

(10)  The  second  bearing  configuration  evaluated  in  liquid  N2O4  was  a  sleeve-type 
bearing.  The  bearing  material  is  glass  imjiregiuited  Teflon.  Figure  98  is  a  photograph  of  tlie  sleeve 
bearing  after  test,  and  Figure  99  is  a  photograph  of  the  sleeve  bearing  shaft  after  test.  In  coniunctii>n 
witli  this  test,  Sealol  Seal  No.  A- 19  169  was  further  evaluated  with  a  316  stainless  sttwl  mating  ring. 
The  seal  face  rubbing  velocity  was  105  ft  ^sec  at  14.000  rpm  shaft  speed.  The  propellant  pressures 
were  85  and  130  psig.  The  bearing  was  evaluated  under  the  following  load  conditions: 
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Run  No. 

Flun  Time 
Seconds 

Radial  Load 

Li) 

Dynamic  Seal 

Leakage  cc/min 

G27 

60 

0 

0 

G28 

60 

30 

0 

G29 

60 

60 

0 

G30 

51 

100 

0 

G31 

53 

100 

0 

632 

60 

100 

0 

633 

80 

166 

0 

834 

61 

166 

0 

This  Iji'arini?  test  was  stopped  after  Run  G34  due  t(*  tlie  clont;in(^  of  the  l)leed  orifice.  ToUil  time  accu¬ 
mulated  on  the  Itearinn  was  8  minutes  and  5  seconds. 

Postrun  inspection  of  the  slc’cve  bearint;  indicated  heav’y  wear  in  the  direction 
of  the  applied  radial  load,  indicatin^;  poor  load  carryinji  capability  for  this  material.  Figure  100  is  a 
plot  of  bearing  tempertiture  versus  running  time  in  seconds  fur  the  sleeve-type  test  bearing  at  various 
applied  radial  loads  and  itropellant  Itleed  orifices.  For  Runs  630  through  C34  inclusive,  the  bleed  orifice 
was  plugged  l)y  Teflon  |iarticles  which  originated  from  the  test  Itetiring. 

(11)  The  third  Itearmg  c(jnfiguratioii  evaluated  was  an  MRC-205C1,  Class  5  roller 
bearing  (Figures  101  and  102,  |>hotographs  of  l)e.iring  taken  after  test).  This  liearing  consisted  of 

SAE  52  100  steel  rollers,  and  outer  and  iitrer  races  with  a  lironze  cage  separtitor.  A  new  Sealol 

Seal  No.  A-19870  (2.126-inch  OD  and  1.410-int  h  ID)  was  evaluated  in  conjunction  with  the  bearing 
test.  The  seal  is  a  bellows  type  face  seal  having  Incontl  X  Dellcjws  and  a  Purelion  Carbon  658  RC 
seal  face  insert  (Figure  103,  photograph  of  test  seal  taken  after  test).  The  mating  ring  was  316 
stainless  steel  (Figure  104,  photograpli  Uken  after  test).  A  total  time  of  80  minutes  and  51  seconds 
was  accumulated  on  lioth  tlie  test  liearing  and  the  seal.  The  seal  faci'  rubbing  velocity  was  105  ft^sec 
at  14,000  rjmi  shaft  speed  at  the  following  liearing  loads.  The  propellant  pressure  was  130  psig. 

Run  No. 

Run  Time 
Seconds 

Rtidial  l.oad 

LI) 

Dynamic  Seal 

Leakage  cc/min 

035 

331 

IGC 

0.9 

636 

340 

166 

0.9 

637 

399 

166 

4.5 

638 

467 

166 

1.3 

639 

65 

166 

0.5 

640 

405 

166 

2.2 

641 

320 

166 

0.9 

642 

360 

166 

7.5 

643 

1380 

166 

1.1 

644 

457 

200 

1.97 

645 

327 

200 

0 

AFFTC  TH-60-61  39 


Postrun  iiisiK'i-tioii  shciwttl  Iho  Ixjarint;  to  be  in  nood  condition  with  disccjlora- 
tion  noted  on  the  inner  and  outer  races.  The  316  suiinless  steel  niatint;  rinj;  displayed  a  ^ood  even 
wear  pattern  with  lipht  sujierticial  scuff  marks.  The  Purebon  Carbon  658  PC  seal  face  insert  dis¬ 
played  a  very  smooth  wear  p;ittern.  The  Inconel  X  liellows  sliowed  no  stun  of  chemical  attack  from 
the  test  fluid.  Both  the  liearinp  and  the  seal  are  in  ({ood  conditi'  -  fur  future  evaluation.  Figures 
105  and  106  are  plots  of  liearing  temperature  versus  running  ti  .e  in  minutes  ftir  the  test  bearing 
at  various  applied  radial  loads  and  two  pru|)ellant  bleed  orifices,  0.025-  and  0.040-inch  diameter. 
These  figures  indicate  tliat  the  maximum  bearing  temperature  rise  was  apjjroximately  18  F  wlien- 
ever  the  lileed  orifice  was  not  pluggt'd.  This  plugging  was  traced  to  the  butyl  rubber  O-rings  used 
on  the  radial  load  piston  which  were  attacked  by  the  N2O4.  It  was  found  Uiat  the  butyl  rubber  O-rings 
gave  trouble  free  service  when  exposed  to  liquid  N2O4  for  approximately  an  eight-hour  period. 


(12)  Tiie  fourth  bearing  configuration  evaluated  was  a  sleeve-type  bearing  identical 
to  the  previous  sleeve-type  bearing  tested  except  that  the  bearing  material  was  graphite  impregnated 
Teflon  (Figure  107,  photograph  of  sleeve  bearing  taken  after  test,  and  Figure  108,  photograph  of  sleeve 
bearing  shaft  taken  afte-  test).  In  conjunction  with  this  test.  Sealol  Seal  No.  A- 19169  was  further 
evaluated  with  a  316  stainless  steel  mating  ring  (Figures  109  and  110,  photographs  of  test  seal  and 
mating  ring,  respectively,  taken  after  test).  Tht*  seal  face  rubbing  velocity  was  105  ft/sec  at  14,000 
rpm  shaft  speed  and  the  propellant  pressure  was  130  psig.  The  bearing  was  evaluated  under  the 
following  load  conditions  for  9  minutes  and  43  seconds: 


Run  No. 

Run  Time 
Seconds 

Radial  Load 

Lb 

Dynamic 
Seal  Leakage 
cc/min 

646 

103 

200 

0 

647 

75 

200 

0 

648 

405 

200 

0 

Postrun  inspection  of  the  sleeve  bearing  indicated  hea\’y  wear  in  the  direction 
of  the  applied  radial  load,  indicating  poor  load  carrying  cajwbilily  for  this  material  as  previously  ex¬ 
perienced  with  the  glass  iniiiregnated  Teflon  siceve  liearing.  Figure  111  is  a  plot  of  Ijearing  tem|)era- 
ture  versus  running  time  in  minutes.  Runs  646  and  647  were  halted  when  the  jjropellant  temperature 
reached  163  F.  For  liolh  runs,  the  lileed  orifice  was  jilugged  liy  Teflon  particles.  Run  648  was  ter¬ 
minated  when  the  proijellant  su|)ply  to  the  test  rig  was  emptied.  For  this  run,  the  bearing  temperature 
rise  was  33  F  in  6  minutes  and  45  seconds. 

The  total  time  accumulated  on  test  seal  A- 19169  is  two  li  irs.  44  minutes,  and 
28  seconds.  Both  the  carlion  seal  insert  and  ttie  sUiinless  steel  mating  ring  displ.  d  excellent  wear 
patterns.  The  seal  hardware  in  general  is  in  excellent  condition  for  future  tests. 

b.  Pump  Tests 

As  the  propellants  under  study  are  liquids  under  normal  conditions  of  temperature 
and  pressure  accompanied  with  normal  visi-osities,  it  can  be  stated  that  each  will  respond  tci  tlie 
classical  equations  for  determining  pump  design  and  performance.  Therefore,  when  due  considera¬ 
tion  is  given  to  the  materials  of  construction,  no  difficulty  should  be  encountered  in  a  pump-fed. 
storalile-liquid  rocket  engine. 

To  date,  Bell  Aerosystems  has  accumulated  approximately  28  months  experieiu  e 
in  pumping  UDMH  in  the  development  of  the  WS-117L  (Bell  Agena)  second-stage  rocket  ene.me.  Itoth 
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aluiiiiluiin  and  niaiiiu  siun>  art'  usrd  Itn-  |)i!m|)  tunisinns,  and  aluminum  for  pump  impellers,  with 

no  detrimental  compatihilily  proolems.  This  particular  pump  delivers  140  njirn  at  850  psia  with  a 
rotative  spi'ed  of  24.570  nmi  at  an  inlet  head  <■!  100  feet. 


in  till'  e(|uation 


In  general,  the  pump  effii  ieney  is  a  function  ol  the  pum|)  sjjeeific  speed  N’^,  given 


N 


where:  N 

Q 

H 


Hotative  speed  in  rjtm 
Impeller  thrtiugh-flow  in  gj)m 
Impt'ller  head  rise  in  feet 


Thus,  for  a  given  system  reijui ri-ment  of  Ilow  and  head,  the  higher  the  rotative  speed,  the  smaller 
the  impeller  (as  head  is  proportional  to  the  stiuare  of  the  profluct  of  speed  times  diameter),  and  the 
lighter  the  pump,  the  highi'r  the  specific  speed  and  efficiency. 


Coupled  with  the  obvious  advantage  of  high  rotative  speed  pumps,  is  the  consider¬ 
ation  of  the  pump  inlet  jiressure  requirement.  The  suction  sjM'cific  speed  (S),  defined  below,  be¬ 
comes  the  primary  factor  limiting  the  ma.ximum  rotating  speerl  as  low  pump  inlet  pressures  are  also 
desirable  for  missile  systems. 


NQ°  Vh 


0.75 

-sv 


where:  N  and  Q  are  as  previously  defined 


H  .  .  is  total  pump  inlet  head  above  fluid  vapor  pressure  in  feet. 
Hence,  for  a  given  system  flow  and  pump  iiilet  prt'ssure,  the  highest  attainable  suction  specific  speed 
will  permit  the  highest  rotative  ;  peed. 


Because  of  the  rather  high  vapor  pressure  of  N„0..  and  the  desirability  to  keep 
pump  inlet  pressures  as  low  as  itossible,  the  primary  emphasis  durfng  the  literature  search  was  on 
pump  inducers.  By  definition,  an  inducer  is  an  axial  flow  pump  that  is  deliberately  designed  to 
accommodate  some  cavitation  at  the  inlet.  It  is  not  caitable  of  high  head  generation.  However,  it  is 
ideally  suited  as  an  intermediate  dv  vice  betwi-en  the  tank  and  main  stage  centrifugal  pump  to  permit 
a  lower  system  tank  pressure  without  compromising  the  high  speed  main  stage  jjump. 


From  nefererce  91.  the  following  important  conclusions  can  be  made: 

(1)  Design  suction  specific-  speeds  of  35,000  for  single  suction  pumps  and 

50,000  for  double  suction  pumps  are  attainable  with  inducers,  whereas 

15.000  is  maximum  for  conventional  centrifugal  pumps 

(2)  Cavitation  performance  imiiroved  for  the  following  geometry  changes; 

(a)  For  a  con.stant  solidity ,  a  decrease  in  turning  angle  and  an  increase 
in  the  flow  coefficient 

(li)  Increased  solidity;  however,  for  high  solidity  inducers,  the  best 
performance  was  obtained  at  low- flow-coefficients 

(c)  With  smoother  blade  surfaces  at  high  fluid  velocities 

(d)  By  eliminating  the  rotating  shroud  around  the  inducer  outside 
diameter  -  gave"  a  significant  improvement  over  the  shrouded 
inducer 
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((')  By  usiiif;  a  conical  shaped  inducer,  i.e.,  the  inlet  cUameler  larger 
than  the  outlet  diameter  -  gave  a  significant  imitmvenient  ovj-r  a 
constant  diameter  inducer 

(f)  By  using  a  genen>us  radius  or  swee|)  at  blade  inlet  -  gave*  a 
significant  improvement  over  a  straight  radial  blade  inlet 

(3)  The  cavitation  performance  of  the  comttined  induci'r  -  main  stage  pump 

was  substantially  improved  by  removal  of  statit>nary  guide  vanes  between  them 

(4)  An  increase  ir.  solidity  product's: 

(al  A  decrease  in  maximum  efficiency 

(b)  An  increase  in  cavitation  perlormance 

(c)  A  decrease  in  the  ratio  t)f  optimum  flt)w  rate  to  th(>  maximum  flow  rale 

(51  The  cavitalitui  performance  was  substantially  bi'tter  with  liquifii'd  gases  than 
with  watt'r 

At  this  point,  the  definitions  of  some  of  the  |)receding  terms  will  help  to  clarify  the  statt'ments. 

Solidity  is  a  dimensionless  ratio  of  the  intlucer  bladt  chord  length  to  the  peripheral 
pitch  between  blades.  The  bl.ade  development  on  a  cvlind«'r  ol  revolution  whose  diameter  is  the  root 
mean  square  diameter  beiwi-en  hub  and  tip  is  gi'iierally  used  for  the  characti>risi ic  solidity. 

Turning  angle  is  the  difft'rence  between  the  blade  direction  at  discharge  and  inlet. 

Flow  coefficient  is  tin-  tangent  ol  the  inlet  angle  with  rc'siiect  to  the  plane  of  rotation 
or  more  precisely  the  ratio  of  the  axial  fluid  velocity  at  inlet  to  the  perijilieral  blade*  veleicity.  This 
coefficient  is  generally  described  at  the  root  mean  square  diameter. 

Ross  and  Benerian.  in  Refi'reiua'  84.  discuss  some  of  the  aspects  of  high  suction 
specific  speed  inducers.  A  general  e<iuation  is  devedoped  relating  tne  suction  specific  sjieed  to  the 
inlet  geometry  and  ent'rg\'  conditions.  This  (‘(luation  is  next  differentiated  to  obtain  oiitinuim  inlet 
diameter  and  the  maximum  suction  spia  ific  sp.  ed.  Other  information  is  given  on  the'  basis  of  test 
information  as  follows: 

(1)  Inlet  angles  u|)  to  2  greater  than  that  required  for  shockk'ss  i-ntry  are 
necessary  at  the  optimum  inlet  diameter  for  best  cavitation  performance  - 
suspect  pre rotation. 

(2)  The  suction  spec  ific  .s))eeds  for  well  designed  inducers  are  not  limited  to 
that  corresponding  to  incipient  cavitation  sinci'  well  designed  indui'ers 
gradually  recompress  the  vapor. 

(3)  The  head  generation  decreasi's  a:;  the  suction  sjtecific  speed  ini'reases  for 

a  fixed  flow  coefficient  because  of  more'  and  more  of  the  vane  be'ing  required 
to  re<'omi)re.ss  the*  va|)or  leaving  less  for  head  geiu' ration. 

(4)  A  large  inlet  area  which  dt'e  reasi's  towards  the  discharge'  is  ri'iiuired  to 

gel  good  cavitation  characteristics.  This  ri'sults  from  continuity  I'onsidi'ra- 
tions  where'  lowe'r  elensity  elembU'  i)hase'  fluiel  e-xists  at  the'  inlet. 
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(5)  Thf  “IliriciK’ics  «>f  llir  Iniijr  hladod  iiidui-frs  arc'  lower  than  would  bo  ox- 
pc'c'li'd  ol  iHintps  liaviiir,  |■<'nll)al•al)lr'  sperilii'  speeds.  Tc'st  indicate  the 
c'lliciency  raiic.e.s  from  40' <  to  G.'j' 

(G1  To  offset  (5).  the  lonj^er  blade  iiidiic'-i-  n,akes  possible  higher  suction  s|)ecific 
speed  oiieration  and  considerably  less  cavitation  daniafic  than  the  shorter 
blade  inducer  having  the  same  solidity. 


Stahl  and  Stepanoff  dc'velopi'd,  in  Rc'ference  85.  an  exjirc'ssion  relating  the  thermo¬ 
dynamic  |)roperties  of  a  fluid  to  thc'  Iluid's  ability  to  c'hanpe  jihase  and  occujty  space.  An  adiabatic 
process  is  assumc'd  where  the  heat  c)f  vaporization  mu.st  c'omc'  from  the  liciuid  surrcjundint;  the  low 
static  pressure'  /.one  in  tlu'  i)ump  whc'ri'  cavitation  poi'kets  form.  This  in  turn  causes  the  fluid  tem- 
pc'rature  to  drof).  Tlu'  ('xpri'ssioii  is 

n 


V 


V. 


a'‘i 


win  re:  V 


V 

Ah 


1 

n 


re|)rc'.sents  \’olunit' 

Si)ecific  volume  at  saturation  tempc'rature 

enthal])y  chaniie  due  to  tin'  tc'inperature  chanfje 
ol  a  saturated  Iluid  lor  a  prescribi'd  chantje  in 
i'(|uilibrium  pressui-e  between  litjuid  and  (;as  phases. 

latent  heat  ot  vaporization  and  subscripts  1  and  v 
rc'fc'r  to  liciuid  and  vapor  respc'ctively. 

dimc'iisionless  ratio. 


The  value'  n  may  be  calculated  for  various  fluids  by  assumini;  the  same  small 
chan>.je  in  vapor  prc'ssure  and  :t  comparative  c'stimate  obtained  lor  the  cavitation  pt'rformance  of  the 
fluids  in  a  uiven  pump.  The  smaller  B.  the  bettc'r  the  cavitation  performance.  Reference  85  tabu¬ 
lates  this  factor  for  water  at  ditierent  tc-mpe raturc'S  lor  a  vapor  iirc'ssuri'  dc'pression  of  1.6  inches. 
This  tabulation  and  additional  calculated  values  for  liciuelied  cases  and  N2O4  api)ear  in  Table  78. 

Till'  UDMH  is  not  computed  since  the  specilic  volunn  ot  saturated  vapor  is  not  known. 

In  summari/iim  their  lindmcs.  the  tolli''.vmc  is  stated: 

(11  Cavitiition  etfects  '.vhen  pum|)inc  various  liiiuids  are  similar  for  dynamically 
similar  conditions  if  the'  thermal  cavitation  criti'ria  B  calculated  for  thc 
saint'  t'ciuilibrium  pressure  deprt'ssion.  arc'  eciual. 

(2)  Owin'c  to  the  thermal  and  dynamic  limitations  only  a  small  fraction  of  one 
percent  by  '.vei'cht  ot  the  liciuid  is  vaporized  under  cavitation  conditions. 

(3)  rncler  incipient  c-avitation  conditions.  I'Xtension  of  tc'st  data  to  other  condi¬ 
tions  <ir  to  othc'C  sizes  ol  units  by  the  dynamic  similarity  reciuirements  of 

>  Hsv/B  constant,  is  approximate.  Thus,  a  'civen  pump  oijerated  at 
varictus  speeds  will  rc'ciuire  li'ss  Hsv  at  hicher  spei'ds  than  indicated  by  ex- 
tensioii  ol  ti'st  data  aken  at  lowi'r  spc'ecis  since'  the  amount  of  boiling  licpiid  is 
limited  by  the  lapsc'd  time  thi'  liciuid  .stays  in  thi'  caiitation  zone. 

(4)  Tilt’  absolute'  value'  ol  the  cavitation  thermal  criti'rion  B  is  not  important  as 
loii'c  as  it  is  used  for  a  comiiarison  of  pump  lii'havior  under  cavitation  con¬ 
ditions  when  handlintt  licfuids  of  differi'iit  ph'’sic;il  prope'rlies. 


4.t 
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(1)  Pumping  L'DMM 


Pumi)  tt'st  data  wa.s  <il>taiiu'd  Irom  cxiMTifiu'**  (ihtniiied  in  |)uni|)iiit;  UDMH  in 
thf  dfvi.’loi'iiu'nt  of  tin*  WS-117L  (ndl  Atcona)  sffond-staui*  rtK’kcl  (‘nv,inc-.  Tlio  sealing;  arranKcnimt 
on  tlu'  L'n^tH  iiuinp  whii  h  lias  lu-fti  usod  olloctivoly  <<m.sisls  of  a  pfiniat-y  fac<»  typo  jtre.ssurc  ijalanccd 
M'al  rulihini;  on  a  rofatiiii;  .s<‘alit)p.  rii"i.  Tliis  si-al  is  l)aokod  dy  a  lip  tyjx-  shaft  seal  whieh  functions 
as  a  harritM'  bct'.vccn  tiu'  UDMH  Iluid  leakage  i)asi  the  iti  iraary  seal  anri  the  luhe  oil  contained  in  lh(' 
^ear  box.  Any  UDMH  leakage  inist  the  primary  seal  is  drainerl  overboard  from  the  cavity  between  the 
primary  seal  and  shaft  seal.  Specification  re(|ui rements  limit  ttu'  primary  face  seal  leakage  ti)  200 
I'ubic  ci'iitimeters  in  lour  minutes  at  operating  temperatun  s  (32  F  to  -00  F') . 

The  current  primary  seal  confit;u  rat  ion  i.s  a  .‘'ealol  Cf>rporation  bellows  seal. 
The  bellows  is  the  leal  type  of  welded  construction  usinn  AM-350  sti'cl.  The  si'nlinji  lace  insc  rt  is 
carlion  Graphit.ir  G-39  and  th<  mating  rotatiiii:  sealin^^  rin^;  is  type*  310  stainless  steel.  Thi‘  shaft  lip 
tvpe  si'a!  cfinsists  of  a  type  302  stainb-s.s  steel  housin;',;  the  sealin'^  lip  ebum'iit  is  butyl  rubber. 

Glass  filled  Teflon  has  also  lu'en  used  successfully  as  a  seal  faci-  material  in 
conjunction  with  a  type  310  stainless  stt-e!  mating  sealing  face  and  as  the  sealing  element  in  the  shaft 
lip  typi'  seal. 


Another  face  typ«‘  seal  configuration  which  was  used  extensively  in  the  lirst 
UDMH  pump  configuration,  was  a  sLuidartl  jiia  ssure  b.ilanceii  faci'  seal,  manufactured  by  Sealol  Corp¬ 
oration.  This  typi'  si'al  consists  of  a  si'al  ring  which  is  keyed  to  tin-  stationary  housing  and  contacts 
a  mating  seal  surf.ice  which  is  constrained  to  rotate  with  tlu‘  shaft.  The  two  sealing  surtaces  are  310 
stainless  steel  lor  the  mating  ring,  and  Graphitar  G-39  lor  the  seal  ring.  Secondary  sealing  takes 
place  between  the  seal  ring  skirt  and  sUitionaiy  se.il  housing  by  mt'ans  of  V-ty|)e  butyl  rubber  packing. 

Butyl  rubber  O-rinr.s  and  virgin  Tellon  gaskets  have  been  effective  static  seals 
for  both  high  and  low  jiressures. 

Figure  112  IS  .1  photograph  <if  a  luel  pump  im|)eller  th.it  has  accumulated  four 
Ic'iurs  opt  rtition  in  UDMH  During  this  tiou  .  oix  r.ition  w;is  at  apiiroximately  25.000  rpm.  flow  of  150 
glim,  suction  specific  s|)eed  <i|  15,000  (ginn  unitsi,  and  a  cavitation  index  tif  10.  Th(>  anodized  finish 
fin  the  aluminum  ir.ducer  being  undisturbefl  .titer  this  time  is  evidence  of  the  lack  of  cavitation  damage. 
The  cavit.ition  zone  is  at  the  outside  di.imt  tt  r  (1  the  inducer  inlet.  The  lack  til  cavitation  damage  is 
due  to  the  low  pressure  in  the  rf.gitm  o|  \-.ipor  recoinpression.  and  the  modest  cavitation  indc.x. 

Figure  113  IS  a  plot  of  the  caxitalion  characteristic  of  a  fuel  pump  having  a 
similar  impeller  to  that  ol  Figure  112.  The  tests  were  conducted  with  UDMH.  The  figure  contains 
two  curve.s.  One  shows  the  effect  at  cfuistant  speed  of  the  inlet  head  above  vapor  pressure  on  the 
pump  flow,  while  thf-  other  indicates  the  suction  specific  speed  of  the  pump. 

(2)  Pumping  N2O4 

The  test  conducted  during  this  ))rogram  invoived  the  Model  8096  oxidizer 
pump  hardware.  N2O4  and  water  as  test  licpiids,  and  helium  and  nitrogen  as  pressurization  gases. 

The  pump  seal  wa.s  a  bellows  tyiJt-  having  a  Graphitar  G-39  nose  piece  rubbing  against  a  flat  stainless 
steel  rotating  ring.  A  total  of  12  cavitation  tests  were  made  in  the  program.  Table  79  contains  the 
test  log  for  this  program. 

The  tests  were  conducted  in  a  recirculating  system,  i.e.  the  fluid  wa.s  t.aken 
from  the  supply  tank  through  a  screen  filter  and  valve  to  the  pump  suction,  pumped,  and  then  returned 
tc)  the  same  tank  through  two  flowmeters  and  a  pump  back  pressure  control  valve.  Appropriate  pres- 


AF  FTC  TR-60-61 


44 


furi-  uiiil  ti'inpe ratlin'  im'asiirfnu'nl  points  \v»'r>'  adck-ci.  Tho  total  volume  of  the  system  was  approx¬ 
imately  300  jialloMS.  200  ttalloiis  of  which  was  li()ui<l.  The  pumped  flowrates  were  approximately  150 
tjpm  which  means  complete  fluid  turnover  in  80  seconds.  This  system  volume  is  approximately  1/2 
to  1  '3  the  size  normally  usc'd  hut  was  compro.niscd  on  th<-  hasis  of  available  tankage.  Other  than  the 
system  volume,  the  line  (supply  and  return)  conligurat ion  was  standard.  Liquid  was  taken  from  the 
tank  bottom  and  returned  through  a  diffusion  tube.  The  diffusion  tube  discharged  the  fluid  into  the 
tank  under  the  liquid  level  at  the  top  of  the  tank,  and  parallel  to  this  level. 

The  tests  were  conducted  by  ho'ding  speed  constant  at  12,200  rpm  and  adjust¬ 
ing  the  pump  disc'harge  pressure  to  a  value  equal  to  or  less  than  pump  case  pressure.  The  pump  suc¬ 
tion  pressure  was  then  varied  and  the  effect  on  pump  flow  measured.  The  test  data  thus  obtained  was 
corrected  to  a  common  speed  of  12,200  rpm  by  similarity  laws,  and  the  suction  specific  speed  calcu¬ 
lated.  This  method  of  conducting  a  cavitation  test  departs  from  that  used  for  the  common  pump  con¬ 
figuration  because  of  the  unique  characteri.stic  of  the  Bell  pump  where  pump  back  pressure  less  than 
case  pressure  does  not  affect  the  fl<iw. 

The  tests  listed  in  the  te.st  log  wen*  conducted  in  groups  as  follows: 

Group  1  includes  nuts  1942  and  1943.  Run  1942  was  made  with  N2O4  as  the 
pumped  fluid,  nitrogen  gas  pressurization,  and  with  no  inducer.  Run  1943  was  made  with  an  inducer 
similar  to  the  one  in  Figure  112.  Difficulty  was  encounteri'ri  with  these  tests.  The  data  indicated 
premature  cavitation  and  an  excessive  buildup  fif  pump  back  pressure  as  the  run  progressed.  It  was 
also  noted  that  the  first  data  point  (Figure  114).  at  the  start  of  run  1943,  was  satisfactory.  This  point 
was  never  realized  later  in  the  run  when  the  high  suction  pressure  was  increased  then  reduced  in 
steps.  "Breakdown"  occurred  at  55  feet  of  pump  inlet  head.  As  a  result,  the  N2O4  was  analyzed  for 
purity  and  was  found  to  meet  siJccification.  Solubility  of  ititrogen  in  N2O/1  was  questioned  since  it 
was  suspected  that  soluble  g  s  was  being  liberated  in  the  low  pressure  regions  of  the  pump  inducer 
causing  premature  "breakdown".  No  data  was  available;  therefore,  a  test  was  made  in  the  laboratory. 
The  r;jults  are  reported  elsewhere  in  this  report.  No  explanation  for  the  increase  in  back  pressure 
could  be  made.  In  addition,  the  recirculation  system  was  reinspected  to  insure  proper  configuration. 
All  succeeding  pump  runs  were  made  with  an  inducer. 

Group  2  consists  of  runs  1944  and  1945.  Run  1944  was  made  to  repeat  run 
1943,  but  with  back  pressure  controlled.  Premature  l  avitation  was  again  obtained  at  55  feet  pump 
inlet  head.  Run  1945  was  then  made  with  water  to  determine  if  acceptable  performance  could  be 
obtained  in  the  recirculating  system.  The  performance  was  normal  as  shown  in  Figure  114. 

Dui  ing  the  succeeding  investigation,  it  was  found  that  the  Kel-F  bushings  in 
the  Potter  flowmeters  were  swelling  in  the  liquid  N2O4.  This  could  bind  the  flowmeter  as  fluid  was 
pumped  through  and  obviously  affect  the  sensitivity.  This  also  explains  the  buildup  of  back  pressure 
on  the  pump.  The  two  flowmeters  were  modified  with  Graphitar  G-39  bushings,  and  no  trouble  was 
observed  on  the  following  tests;  also,  the  solubility  of  helium  and  nitrogen  was  determined  in  the 
laboratory.  Helium  was  found  less  soluble. 

Group  3  tests  consisted  of  runs  1946  through  1953.  The  purpose  of  these  tests 
was  to  determine  the  effect  of  helium  and  nitrogen  gas  pressurization  on  the  N2O4  cavitation  perform¬ 
ance.  Fresh  N2O4  was  loaded  and  maintained  under  a  helium  blanket  and  changed  to  nitrogen  after  a 
succe.'-.sful  test  with  helium.  Only  runs  1950  and  1953  produced  useful  data.  The  other  runs  were  not 
useful  due  to  premature  shutdown  bi'cause  of  leaks,  or  instrumentation  failures.  The  data  for  these 
runs  are  plotted  in  Figure  114. 

Figure  114  also  shows  the  useful  data  obtained  from  this  program.  Two 
curves  are  presented.  Tlu'  upiter  one  shows  pump  suction  siK'cific  speed  versus  pump  inlet  head 
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alM>vi>  vajj'ir  pressuro.  Thi*  lowi-r  one  is  a  plot  of  flie  pump  cavitafioti  flow  factor  versus  inlet  head. 
The  cavitation  flow  factor  is  the  ratio  of  the  test  fUiws  for  all  tests  to  the  test  flow  obtained  from 
tlie  water  ti-st  at  the  dosipn  rated  pump  inlet  heatl  of  25  fe«*t.  The  flow  differeiu-e.s  in  the  liit;li  head 
regions  an-  not  significant.  The  significance  lies  in  the  slope  changes  of  the  curves  and  the  point  of 
flow  •’l)reakdown". 


N20^  was  not  pumped  to  the  same  degree  of  I'avitation  performance  as  water 
Cavitation  "breakdown"  occurred  at  5  feet  with  water  (44.000  suction  sj)ecific  sjjeedl  and  at  20  feet 
with  N2O4  and  helium  pressurization  (16,000  suction  .specific  speed). 

I'avitation  perf«)rmance  was  considerably  l)etter  using  lielium  gas  for 
pressurization  than  with  nitrogen  gas.  This  indicates  that  tlu'  dissolved  pressurization  gases  may 
have  an  adverse  effect  since,  on  a  mole  basis,  helium  is  less  soluble  than  nitrogen.  On  the  other  hand, 
one  point  at  the  start  of  run  1943  (using  N2  gas)  showt'd  as  good  performance  as  run  1950  (using  He 
gas),  indicating  another  influence. 


The  effect  of  the  small  system  volumt'  is  not  known,  but  a  detrimental  effect 
is  a  strong  possibility.  The  temperature  rise  of  apiiroximately  2  F/min  is  indicative  of  inadequate 
system  volume. 

No  data  was  obtained  on  pump  cavitation  iierformance  in  with  and  with¬ 

out  an  inducer  due  to  problems  encountered  in  Group  1  tests. 

No  difficulty  was  encountered  with  the  pump  seal.  Static  leakage  were  nil 
and  dynamic  le.akages  were  very  low. 

5.  Propellant  Storage 

A  search  of  the  technical  literature  revealed  a  great  deal  of  information  on  long-term 
storage  of  N20^.  UDMH,  and  N2H^  at  ambimit  temperature.  Of  prime  interest  is  the  fact  that  the 
fuel  vendors  recommend  storing  each  fuel  under  a  nitrogen  blanket. 


T.  J.  McGonigle  (References  32  and  55)  reports  that  N„0^  was  stored  in  a  small  cariion 
steel  container  for  nine  year.s  at  amliient  temperature  (68  -  100  F).  Analysis  showed  no  change  in 

composition.  Actual  analysis  was  99.8'  ^'2^4'  0-0^2  chloride.  0.16'  waler  eciuivalent,  and  0.004',' 

ash.  This  was  a  pilot  jilant  jiroduct  and  cont.ained  aliout  0.02'  water  equivalent  'when  made. 


According  to  one  vendor  (RefiM'ence  86).  UDMH  was  stored  in  mild-steel,  55-gallon  drums, 
and  in  a  Nike-Aja.\  aluminum  container  at  amliient  ti'iiiperaturi'.  Temiierature  and  pressure  were 
monitored  over  a  period  ranging  fif>.  ,  16.5  to  20.5  months.  During  this  period,  little  pressure  build¬ 
up  was  noted.  The  tenqjerature  range  over  the  storage  period  was  47  to  86  F  Analysis  before  and 
after  test  indicated  little  or  no  change.  Tallies  giving  temperature  and  pre.'^  re  during  the  storage 
period  can  be  found  in  Refi-rence  86  along  with  jihotographs  of  drums  during  ust  and  after.  Jet 
Propulsion  Laboratory  (Reference  87)  also  demonstrated  that  there  was  no  jir.  ssure  liuildup  when 
UDMH  was  stored  for  four  weeks  at  160  F.  whereas  certain  other  hydrazine  lid  not  pass  this  test. 
Recently.  Food  Machinery  and  Chemical  Corporation  stored  UDMH  outdoor  ,  three  mild-steel 
drums  for  38  to  41  months.  Analysis  f)f  the  UDMH  at  the  end  of  these  peri  met  all  specifications 
(Reference  90). 


G.  L.  Choules  (Reference  65)  reports  that  anhydrous  NgH^  wh  was  prijHuced  for 

Redstone  Arsenal  in  1953-54,  was  stored  outdinirs  until  1957  when  it  was  :  led  to  the  Missile 

Development  Division  of  North  American  Aviation.  It  was  later  transferre.  Rock‘-‘dyne.  A  com¬ 
parison  of  the  propellant  analysis  performed  at  each  of  the  three  facilities  in.  practically  no 

change  (approximately  97'',').  Periodic  checks  for  pressure  liuildup.  wtiich  would  lie  indicativ*'  of 
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dfCDiiipositioii.  Wi  ll'  ;ils<i  carrii-d  mil  ai  ITfilslmu  will)  nofjativf  rfsulls.  Clmulcs  also  stall's  that 
llic  Naval  Ordnanci’  I'l’Sl  Station  at  fMiiiia  I  ako  lias  siori'd  N2H4  lor  si-voral  years  without  any  decoin- 
)osition.  even  a*  the  hi^^h-sto^at^e  teiniierature  eneounii  red  in  the  ari-a.  In  Ixith  of  these  instances,  the 
N2H4  was  stored  in  aluniinuni  (99.G',)  and  shunless  steel  driiins. 

AMioiitth  considerable  infornialioii  on  storatte  was  found,  this  information,  referenced 
above,  did  not  pive  all  the  data  re<iuired.  It  w'as  planned,  therefore,  to  erniduct  a  three-month 
storage  test  in  sealed  tanks  of  ten-itallon  capacity  with  each  propellant  iieii.  1  a  constant  tempera¬ 
ture  near  its  boilinfj  point,  and  a  six-month  storaj'e  test  in  sealed  tanks  of  ten-itallon  caitacity,  left 
outdiMirs  where  ti'mpc'raturt'  fluctuations  occur  daily  and  with  chantje  of  season.  For  the  three-month 
storace  test,  the  propellants  were  analyzed  before  and  after  the  test,  and  for  the  six-month  storage 
test  the  propellants  were  analyzed  before  the  test,  periodically  during  the  test,  and  after  the  test. 

The  tanks  used  for  eacli  te.st  W€>rc“  eciuipped  with  pressure  gages  which  were  nionilrired 
regularly  as  an  allt'rnale  means  for  detecting  propellant  dec  npositirm. 

Si.\  6061-T6  aluminum,  and  six  PH  15-7  Mo  stainless  steel,  ten-gallon  capacity  tank.s 
were  obtained  for  these  tests.  Tlie  aluminum  tanks  weri'  <‘leaned.  |)ickled  in  aci-ordance  with  Ref¬ 
erence  61,  and  visually  inspected.  The  stabiless  sti'cl  tanks  contained  unexpected  heavy  scale 
deposits  which  necessitated  spi'cial  handling.  They  were  first  degreased,  then  piikled  in  a  nitric 
acid-hydrofiuoric  acid  solution,  rinsed  with  cold  water,  pickled  in  a  sodium  hydro.xide-potassium 
permanganate  solution,  again  rinsed  with  I'old  water,  dipped  again  in  the  acid  pickling  solution, 
and  finaliy  rinsed  with  cold  and  hot  water.  The  tanks  w<>re  hydretested  in  accordance  with 
M1L-T-5208A  (Reference  88)  to  300  psi.  Having  been  lound  acceptable,  the  PH  15-7  Mo  stainle.s.s 
steel  tanks  were  spray-painted  on  the  external  surfai'e  to  prevent  corrosion.  All  twelve*  tanks  were 
conditioned  and  fitted  with  valves,  gauges,  and  other  nec«>ssar>’  hardware. 

Storage  tests  at  tempi  ratures  near  the  boiling  jioint  of  UDMH,  NgH..  and  ^^2^4 
conducted  for  a  three-month  period  using  the  aforementioned  tanks.  OiU'  of  eacdi  alloy  was  used  for 
each  propellant.  The  tanks  were  filled,  ac<  ording  to  a  procedure  which  is  described  under  a  later 
sei'tion  on  outdoor  temiierature  storage  test,  and  set  in  apprtiiiriaie  constant  teniperature  baths. 

The  fueis  were  put  in  an  oven  set  ,il  160  f  .ind  the  oxidi/cr  in  a  Ituilding  maintained  at  70  10  F. 

In  addition,  the  oxidi/er  tanks  were  tilted  with  strip  heaters  to  Iw  used  tf  lu•<•es8ary.  Perifxlle  pres¬ 
sure  readieg.s  were  taken  from  uages  so  situated  that  the  luel  oven  was  not  opened,  nor  the  o.xidizer 
liullding  l■nlered.  The  tank  sei-upa  .ire  shown  in  Figures  115  .ind  116.  Pre.ssure  data  gathert'd  are 
given  in  Tables  80  and  81.  Analyses  ol  the  propellants  .11  the  start  and  at  lh<*  end  ol  lest  are  shown 
in  Tables  82  and  83.  Orlginallv.  it  was  intended  to  add  to  the  latter  tables  only  the  analyses  at  Iht* 
end  of  tests.  Because  seal  leaks  caused  inl(‘rru|8ion  ol  the  luel  tests.  Table  82  al.so  contalnB  anal- 
ytiral  data  olitained  on  the  28lh  d.iy  to  be  cerl.iln  that  the  fuels  had  not  changed  compositirni. 

In  general,  pressure  buildup  in  the  160  F  fuel  storage  te.st  was  slightly  higher  in  the 
PH  15-7  Mo  stainless  steel  tanks  than  in  the  6061-T6  aluminum  tanks.  However,  oniy  the  PH  15-7 
Mo  stainle.s.s  steel  tank  of  UfJMH  rose  to  the  pressures  anticipated.  Analyses  at  the  end  of  the  test 
indicated  that  little  or  no  change  in  composition  had  oci'um.'d  in  the  propellant.  Visual  examination 
of  the  interior  of  each  tank  afti-r  test  indicated  no  corrosive  attack.  These  result.s  and  observation.s 
show  that  under  the  conditions  ti  slcd,  UDMH  and  NgH^are  stable  and  that  no  special  preference  for 
tank  material  can  be  made. 

A  close  inspection  of  temperature-pressure  records  for  the  oxidizer  tests  at  70  F  show 
a  lag  at  times,  presumably  due  to  the  fact  that  the  tlu-rmocouples  picked  up  the  ti*mperature  changes 
before  the  NgO^/NOg  eciuilbriur.i  adjusted  to  a  different  vapor  pressure.  No  significant  pressure 
buildu])  was  noted  throughout  Hu*  lest  period.  In  fact,  pressures  generally  weri*  less  than  calculated 
with  Sfimewhat  clost-r  agreement  with  the  stet'l  tank  than  with  the  aluminum.  No  change  in  composi- 
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•  ion  was  nott'd  from  analysis  at  t.'u*  t-iid  of  the  tfsi.  A  visual  examination  ol  the  interifir  of  each 
tank  reveali'd  no  depfisits  or  si^ns  of  an  attack  on  the*  metal. 

Outdoor  temperature  storatje  tests  with  UDMH,  and  NoO^  wi  re  conducted  for  a 

period  of  six  months  using  ten-gallon.  PH  15-7  Mo  stainless  sleel  and  6(rei-TC  aluminum  tanks. 
They  were  filled  by  the  procedure  described  in  the  following  paragraphs. 

Each  tank  contained  two  |X)rts.  To  one  of  the.se  was  attached  a  cross  fitting  tf)  which  in 
turn  were  attached  a  pressure  gage,  a  burst  disc  assembly,  and  a  bleed  valve.  To  the  other  was 
attached  a  hand  valve  and.  for  tanks  to  be  used  w’ith  N2O4,  a  standpipe.  All  tanks  were  subjected  to 
20  psig  pressure  after  conditioning.  The  tanks  were  placed,  one  after  another,  on  a  platform  scale 
and  connected  to  a  shipping  container  of  propellant  by  means  of  the  hand  valve,  and  to  a  vent  line 
with  the  bleed  valve.  The  fuels  were  transferred  from  drums,  the  oxidizer  from  cylinders.  Nitro¬ 
gen  pressure  was  applied  to  the  drums  (the  cylinders  were  under  sufficient  pressure  as  received), 
the  valves  opened,  and  propellant  allowed  to  flow  into  the  tank  utitil  a  weight  sufficient  to  give  a 
predetermined  ullage  was  attained.  The  valves  were  then  shut  off,  the  lines  disconnected,  and  the 
tanks  set  outside  on  storage  ra<-ks.  The  fuel  tanks  are  shown  in  Figure  117,  the  oxidizer  tanks  in 
Figure  118. 


Pressure  readings  were  t;iken  on  the  average  of  once  a  day  during  the  work  week,  and 
liquid  and  vapor  samples  were  taken  periodically,  using  the  following  procedures. 

Nitrogen  pressure  was  applied  to  the  bleed  valves  on  the  oxidizer  tanks,  forcing  liquid 
up  through  the  stand  pipe,  through  the  hand  valve,  and  into  a  glass  bf)ttle  in  a  dry-ice  bath.  Because 
the  fuel  tanks  had  no  standpipe,  liquid  samples  were  obtained  by  pressurizing  the  tanks  slightly 
with  nitrogen  by  means  of  the  bleed  valve,  tipping  the  tank  after  disconnecting  the  pressurizing  line, 
and  allowing  the  fuel  to  flow  into  a  glass  brittle  from  the  bleed  valve.  Vapor  samples  were  obtained 
by  attaching  an  evacuated  glass  balloon  to  the  bleed  valve  and  o|>ening  the  valve. 

Pressure  readings  are  shown  in  Tables  84  and  85.  In  addition,  these  tables  show  start 
dates,  initial  ullages,  prevailing  temperatures,  and  sampling  periods.  Chemical  analyses  of  the 
liquid  samples  at  the  start  and  the  end  of  test  are  shown  in  Tables  86  and  87.  Because  of  the  trans¬ 
fers  involved  and  the  requirement  to  store  at  one  site  and  analyze  at  another,  accuracy  necessarily 
suffers  but  not  to  the  point  where  significant  i-hanges  would  escape  notice.  Besiiles  being  subjected 
to  chemical  analysis,  the  liquid  samph’s  were  tested  for  impact  sensitivity.  Vapor  samples  were 
merely  subjected  to  infrared  analyses.  The  results  of  these  analyses  and  the  other  data  collected 
is  reviewed  in  the  following. 

Pressure  records  gathered  during  the  si.x-month  tui-1  storage  test  at  outdoor  tempera¬ 
tures  showed  no  significant  Ijuildui?.  In  general,  there  is  a  good  correlation  between  temperature 
and  pressure,  and  the  pressure  for  L'DMH  appears  t<i  stem  from  compression  of  the  nitrogen 
originally  present  during  thermal  expan.sion  of  the  fuel,  and  the  vapor  pressuri'  of  the  fuel. 
Corre.si)onding  data  tor  N2H4  was  somewhat  higher  but  not  inough  to  postulate  dej'omposition. 

These  conclusions  are  substantiated  by  the  fact  that  c-hemical  analysis  of  the  liquid  samples  on  the 
18th,  52nd,  84th.  and  102nd  days  showed  no  ch.ange  in  i'omj)osition,  and  there  was  no  evidence  of 
impact  sensitivity.  No  attack  of  the  metal  was  noted  wtum  the  interior  fif  eac-h  tank  was  examined. 


In  the  same  way.  pressure  records  g.ailu-red  during  the  six-month  oxidizer  storage  test 
at  outdoor  temperatures  showed  no  significant  buildup  or  difference  between  the  two  lank  materials 
so  far  as  pressure  buildup  was  concerned.  Propellant  analysis  on  the  45th,  75th,  and  94th  days 
showed  no  significant  change.  Stability  is  further  indicated  by  the  fact  that  chemical  composition 
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was  not  chanuc’d  nor  was  impact  sensitivity  iin  rvasod.  Further  definition  of  the  impact  sensitivity 
tests  will  be  niven  after  a  discussion  of  va|)or  sample  analyses.  Examination  of  the  interior  of  each 
tank  revealed  no  attack  of  the  metal. 

As  mentioned  previously,  samples  were  taken  starting;  with  evacuated  glass  balloons. 
Originally,  1000-ml  (approximately  1  qt)  or  500-ml  (approximately  1  pt)  balloons  were  used.  Ex¬ 
perience  has  shown  that  a  smaller  sample  would  suffice  and  consequently,  200-ml  balloons  were 
ordered.  Tlie  samples  are  transferred  to  gas  cells  using  a  simple  gas  handling  train  assembled 
from  standard  gas  analysis  manifolds  with  ball  and  socket  joints,  a  vacuum  pump,  cold  traps,  a 
mercury  manometer,  and  an  "auto-bubbler”  containing  Kel-F-3  oil  to  keep  propellant  vapors  from 
reaching  the  mercury.  A  pliotograph  «>f  the  train  is  shown  in  Figure  119.  The  gas  cells  have  a 
10-cm  (4-in.)  light  path.  The  cell  for  fuel  analysis  has  been  fitted  with  sodium  chloride  windows, 
and  the  one  for  N2O4  with  silver  chlc)ride.  Both  are  mounted  in  the  compartment  provided  in  a 
Beckman  IR-2A  Spectrophotometer. 

The  spectra  ol)tained  were  compared  with  those  published  in  Reference  89.  A  consistent 
exception  is  a  set  of  peaks  due  to  a  hydrocarbon  found  in  the  N2H4  spectra.  This  is  as  would  be  ex¬ 
pected  in  view  of  the  manufacturing  procedure  used.  Samples  analyzed  at  the  end  of  the  tests  also 
contained  traces  of  ammonia,  suggesting  some  decomposition  occurred  in  the  vapor  phase.  The  first 
set  of  N20^  samples  sliowed  free  nitric  acid  but  this  was  absent  in  sul)sequent  samples.  It  was  con¬ 
cluded  that  moisture  was  inadvertently  picked  up  with  the  first  samples. 


As  mentioned  previously,  impact  sensitivity  tests  of  the  propellants  were  performed  on 
the  propellant  as  received.  A  minimum  of  10  tries  with  each  propellant  showed  lack  of  sensitivity 
up  to  seven  ft-lb,  the  limit  of  the  apparatus  (Figure  120).  Samples  taken  during  and  after  the  storage 
tests  for  bfjth  fuel  and  oxidizer  showed  no  increase  in  shock  sensitivity. 

6.  System  Analysis 

a.  System  Flow  Tests 

A  storable  propellant  flow  system  was  built  up  per  the  schematic  drawing  (Figure 
58).  This  system  was  set  up  to  simulate  a  typical  rocket  engine  system  including  valves  and  piping, 
t)ut  without  thrust  chambers,  gas  generator,  or  turbine  pump.  The  valves  used  in  this  system  are 
listed  in  Table  88  with  a  brief  description  of  the  modification  required  to  adapt  them  for  this  program. 
The  system  incorporated  all  the  necessary  instrumentation  and  test  equipment  to  record  pressures 
and  flows.  Figure  136  shows  a  mock  up  f)f  the  valves  and  hardware  mounted  on  a  bench.  Figure  137 
shows  the  higli  itressure  and  low  pressure  tanks  with  piping  on  the  fuel  side  of  the  test  facility. 

The  respective  |)ro|H'llants  were  supplied  at  a  high  pressure  from  pressurized 
storage  tanks  through  ttie  selected  valves  and  components,  which  were  actuated  to  simulate  lunction- 
ing  in  the  engine  system.  The  respective  propellants  were  then  returned  to  the  receiver  tanks,  which 
were  modified  Rascal  proijellant  tanks. 

After  a  selected  amount  of  cycles,  the  propellants  were  transferred  back  to  the 
storage  tanks  to  start  another  series  of  cycles.  The  low  pressure  supplied  by  the  Rascal  regulator 
pack  was  used  to  transfer  the  propellants. 

Data  recfirded  included  supply  tank  pressure,  flow,  and  pressure  drops  at  a  flow 
rate  ranging  from  rated  to  -30'^  of  rated.  An  average  of  5  points  was  recorded  and  plotted  for  each 
flow  test.  Using  recorded  flow  data,  curves  were  plotted  for  an  equivalent  flow  of  water  to  simplify 
the  conversion  of  the  flows  to  any  otlier  liquid  propellant  (Figures  59  through  68). 
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Tho  systi'ins  wimh-  siil)j«Tt»‘d  to  flow  tests  at  roonj  tenijKTature  (70  ;  lO'F)  and  at  | 

elevated  temperature (160  *5  F)  .  Following  the  elevated  tenijH-rature  eyeles,  a  series  of  final  room 
temperature  eyeles  wi'ri'  eondueted  at  the  same  flow  rates  to  er)mpare  results  with  the  initial  room 
temiH’i-ature  data. 


Tables  65  through  72  show  thi'se  data  and  eonelusitins  for  each  valve  tested,  and 
Fiiiures  138  throu^rh  155  show  photo(:;raph8  ot  c-aeli  disassenibli-d  valve  after  flow  test.s. 

Data  for  othei'  valv<‘.s  in  tin*  storal)U'  i)i'oi)(‘llant  flow  system  whieh  saw  exposure  to 
the  propt’llanis  hut  did  not  have  flow  tlata  reeord*‘d.  art'  described  in  the  followin^^  parai;rai)hs. 

(D  Valves  used  for  both  UDMH  and  N_0.  service 

(a'  Valve-Dual  2-\Vay  Motor  Operated.  Ball  tyi)e  (P/N  83  B/P  200834) 

This  valve  was  us»’d  in  the  system  as  a  fuel  and  oxidizer  pressure 
jettison  valve  (Fiu:ure  123).  The  ori(;inal  manufacturer  of  this  valve  (Hydromatics  Co)  was  coi\tacted 
to  su|)ply  up-to-date  blueprints  and  a  listing  of  material  for  this  valve.  Exi'hanne  of  correspondence 
and  telephone  I'alls  did  not  providt'  additional  up-to-date  information.  The  valve  was  disassi'mbled 
and  reworked  by  Bell  to  be  compatible  with  the  systtmi.  After  check  out  in  the  system  an  excessive 
oxidizer  Unikape  was  found  at  tlu'  ball  seat.  The  valve  was  then  replacefl  with  a  Bell  designed  pf)pi)et 
tyjie  dual,  jettison  valve.  B/P  No.  62-472-034  (Fipure  125).  This  valve  was  userl  in  tdl  the  system 
tests.  Disassembly  of  the  valve  disclosed  no  adversi-  effects. 

(b)  Valve  Assembly.  Bb>ed  Valve  (59-472-275) 

These  valves  wer<'  used  in  both  llu'  L'DMH  and  ^’2^4  f*'  systfins.  No 
flow  data  was  recorded  for  tiu'se  valvi's  sinc<‘  their  function  in  the  fli>w  system  was  to  bli'ed  the 
jiropellant  lines.  These  valves  are  constructi'd  of  typi'  304  stainless  steel  with  a  teflon  bushini' 
(Figure  128).  Disassembly  of  these  valves  disclosed  no  adverse  effects. 

(2)  Va'ce  s  tor  I'DMH  service  only 

(;i)  Pressure  Switch  Assembly  (62-472-667-1  and  5,  Figure  130) 

These  switches  were  incorixnated  in  tlu'  flow  system  to  check  com¬ 
patibility  of  materitils  and  not  to  monitor  any  pressure  actuating  secpience. 

Upon  disassembly  (Figure-  150).  it  was  found  that  there  were  no  adverse 
effects  from  the  UDMH  to  the  internal  portion  of  the  type  300  series  stainless  steel  bellows.  How¬ 
ever.  corrosion  was  found  in  the  outer  portions  outside  of  the  Bellows  .Assc-mbly.  This  was  attributed 
to  the  inadvertent  operation  of  the  water  deluge  system.  This  water  deluge  system  was  installed  to 
flush  the  e.xternal  fiortions  of  the  flow  system  should  N'204  CDMH  leakage  oci'ur.  The  design  of 
tne  i)ressure  switch  assembly  allows  the  presence  of  water  with  the  possibility  of  N0O4  or  UDMH 
funu's.  This  caused  the  electi-ical  and  other  internal  parts  to  beconu-  corroded.  It  is  concluded  that 
pressure  switches  that  are  to  be  usi-cl  in  a  systc-m  where  a  water  deluge  is  required  for  removal  of 
pro|)c‘llant  fumes,  or  in  a  system  where  propellant  vafior  or  fumi-s  could  be  present,  shi'uld  have 
internal  electrical  fiortions  either  hernu-tically  sealed,  or  confined  by  compatibh'  gaskets. 
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(3)  Valves  used  fer  N2O4  Serviei’  Otilv 


(a)  Pi-essure  Swileli  Asseiiihiv  (02-472-007-3  and  7,  Fifiure  130) 

These  switches  w«'re  useil  111  the  llew  svsiem  tn  check  cf)ni|)atil)ility 

of  matt'rials  and  not  to  monitor  any  valve  pia-ssiire  actiialirii:  s<“(iiienci  :  . 

Upon  disasseiiihly  o|  the  pressure  switch  (Figure  149),  salt  ff)rmations 
wen-  found  in  the  internal  portions  of  th<‘  tvp*'  300  seri«'s  stainless  steel  liellows.  There  was  also 
c<irrosion  on  tin'  outside  of  the  bellows  and  in  the  internal  portions  ol  the  pressure  switch  assembly. 

A  pressure  test  of  the  bellows  with  N2  fias.  after  disassembly  of  tin'  -3  switch  assembly,  disclosed  a 
slight  k'ak  on  the  welded  joint  at  the  junction  of  the  )>ellows  and  the  end  cap. 

This  leakage  was  attributed  to  the  fact  that  these  pre  ssure  switchi  s  were 
several  years  old  and  iiad  seen  service  in  nitric  acid  and  with  other  i)roi)ellants.  alonu  with  tin- 
probability  that  this  weld  initi.illy  m.iy  have  been  o|  ni. urinal  iiuality. 

The  corrosion  in  the  inte'rnal  portion  of  the  iiri'ssure  switi  h  assembly 
outsiele  of  the  bi  llows  was  .iltributed  to  the  water  deluye  system,  as  i‘.\))laiiu‘d  under  jiressure  switelu's 
in  UDMll  service. 

It  IS  concluded  that  pressure  switches  that  .ire  lo  be  used  in  a  system 
wlu  ri'  .1  water  deluyte  is  reiiuired  lor  remo\-al  ot  propellant  lumes.  or  in  a  system  where  propellant 
vapor  or  fumes  could  be  present,  should  have  intern. il  electrical  portions  etther  hermetically  sealed, 
or  cotifined  by  compatible  yaskels. 

(4)  Pressuri/alion  Valves  for  UDMIl  and  N,0^  Flo'.v  .System 

(a)  Valve.  Cross.  Fill  and  Hiyh  Pressure  .lettison  (62-472-671) 

This  valve  was  use<l  as  a  pas  till  valve.  Since  only  nitrogen  (jas  carno  in 
contact  with  the  internal  [lortions  o|  the  valve,  disassembly  disclosed  no  adverse  effects. 

(bl  Valve  Assembly  -  .Solenoid  Actuatinp.  3-\V;iy  (62-472-412.  Fipure  134) 

The  lunction  o|  this  vahe  in  the  system  was  to  open  and  close  the  pas 
actuated  62-472-00.3  \al\'es.  3'his  valve  pertormed  s.it istaciori ly  in  the  systi'm.  There  was  no  con¬ 
tact  with  UDMIl  or  N,.0,.  Disassemblv  o|  the  valve  disclosed  no  adverse  effi'cts. 

2  4 

(<  )  Check  Valve  Assembly  <62-472-510.  Fipures  135  and  155) 

Used  in  the  pas  pre.ssure  line  to  the  oxidi/er  tank. 

(d)  Check  Valvi'  Assembly  (62-472-089.  Fipure  127) 

Usi'd  in  the  pas  pre.ssure  line  to  the  o.\idi/er  tank. 

Thesi’  valves  saw  only  nitropi'ii  pas  in  contact  with  the  internal  portions 
of  this  vtilve  tiiul  disassembly  disclosi'd  no  ailversi-  elfei  ts. 

The  followinp  valves,  oripinally  scheduli'd  for  use  in  the  storable  iiro- 
pellant  flow  system,  were  not  utili/.ed  for  the  iwasons  piven: 
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(1)  56-475-548  Fuel  Lint'  Filtt-r  -  Cniist rut  U-d  of  brass  material 
which  was  tiot  compatii)k>  with  UDMH. 

(2)  62-475-087  Oxidiz<'r  Suction  Line  StrainiT  —  Constructed  of 

compatible  stainless  steel  material  ’  .  was  not  utilized  because 

of  the  unavailability  of  the  suctifin  line  that  mounli-d  the  strainer. 

(3)  56-472-750  Oxidizer  Fill  Adapter,  62-472-295  Oxidizer  Vent 
Adapter,  and  62-472-297  Fuel  Vent  Adajrter  -  constructed  of  com¬ 
patible  materials  but  were  luit  utilized  because  of  the  unavailability 
of  the  matin)'  ground  servil  e  fill  nozzles  aed  vent  adapters. 

In  addition  to  the  above  reasons,  these  valves  were  orii'inally  used  in  the 
Raseal  Missile  System  for  adaptiti);  to  pround  sc'rvice  equipment  for  loadinp  and  ventinp  propellants. 
To  successfully  inteprate  them  in  this  flow  sy.sti-m,  new  hardware  wr)uld  have  had  to  be  fabricated. 

Since  we  were  conduc-tinp  flow  tests  simulatiiip  a  tyjiical  rocket  enpine 
system  with  hipher  flows  and  pressures  than  would  be  used  for  loadinp  missile  tanks,  these  valves 
were  omitted. 


An  analysis  of  the  materials  used  in  the  Fuel  Fill  Disconnect  (D/P 
No.  56-472-662)  and  the  Fuel  Fill  Nozzle  (B/P  No.  4-2650-10)  showed  the  presence  of  materials 
incompatible  with  UDMH,  particularly  the  aluminum,  bronze,  and  brass  parts  and  seals  <<(  the  valve. 
The  oripina!  manufacturer  of  the  valve  (Parker  Aircraft  Co)  was  contacted  to  supply  eomi)atible  re¬ 
placement  parts.  It  was  learned  that  these  parts  were  not  available  as  off-the-shelf  items,  and  would 
therefore  require  lonp  delivery  dates. 

As  a  result,  it  was  determined  not  to  use  the  pround  service  valves,  listed 
above,  in  the  system  since  it  was  felt  sufficient  data  cf)uld  be  obtained  with  the  other  Rascal  flow 
control  valves. 

b.  Franpible  Disc  Storape  Tests 

As  iKirt  of  system  testinp.  franpible  discs  were  subjected  to  N,0^  and  UDMH  storape 
for  periods  of  three,  six.  and  niiu'  months. 

The  franpi!)le  discs  use.'l  to  determine  tiu’  corrosion  and/or  bur.st  chanpes  caused 
by  exposure  to  N20^  are  i  iirrently  us(‘d  in  a  system  which  uses  inhibited  red  fuminp  nitric  acid  as  an 
oxidizer.  Six  specially  desipned  fixtures  were  fabricated  for  tlu'se  storapi'  tests  (Fipure  156). 

The  dosipn  of  these  fixtures  was  such  that  a  measured  iiuantity  of  ^2^4  contained 
in  a  chamber  havinp  one  franpible  disi-  as  a  seal  on  one  end  and  a  standard  jilup  on  thi-  otiier  end.  The 
franpible  disc  was  secured  between  two  serrated  surfaces  on  i  ;u'h  half  of  the  fixture  which  make  tht' 
seal  between  the  1^20^  and  atmosphere.  The  face  of  <‘ach  disc  exposed  to  ^2©^  is  made  of  type  1100-0 
aluminum.  Any  attack  of  the  N20^  on  the  disc  would  result  in  external  leakape  or  diffi'rent  ruiituri' 
values. 

These  six  fixtures  were  numbered  and  placed  in  storape  for  the  three-,  six-,  and 
nine-month  periods  at  ambient  conditions.  A  daily  visual  inspection  was  made  on  the  fixtuia's.  Two 
of  the  fixtures  completed  their  allotted  three-month  storape.  TIu'Se  fixtures  wen-  di.sasst'mbled  and 
the  discs  were  inspected,  measured,  and  weiphed.  Analysis  of  tlu'  ^•’2^4  bi-fore  and  after  ti'st  showeil 
only  slipht  chanpes  in  composition. 
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Th<  visual  iiisia'ction  nl  tlw  ilisrs  iiuiicatrd  no  chaiit'es  in  thc'ir  physical  appearance 
due  to  corrosion.  This  was  suhslantiaii'd  wIk'h  ne^lipilile  channe.s  in  size  and  weight  were  found.  The 
test  discs  were  rupturi'd  with  water  ami  compared  with  the  liurst  pressure  of  a  reference  disc.  The 
hurst  pressure  of  the  test  tiiscs  was  witiiin  tlie  ilesit^n  limits  ot  these  discs.  These  data  are  reported 
in  Table  89. 

The  rated  fltiw  for  thi'.se  disc.s  after  rupture  was  30  Ih/sec  at  an  inlet  pressure  of 
900  psit;.  Fi.xture  201  was  subjected  to  a  flow  of  40  pounds  jier  second  at  inlet  pressure  of  900  psig 
for  otie  minute  after  rupture.  Uptin  investigalitm  of  the  ruptured  discs.  Figure  157,  the  break  was 
normal  and  clean  atid  there  was  no  apparent  effect  of  Iht'  fluid  velocity  on  the  ruptured  lip. 

After  two  other  fixtures.  No.  203  atid  204,  completed  the  allotted  six-month  storage, 
they  w’ere  disassembled  and  the  discs  were  inspected  and  weighed.  Analysis  of  the  N-O,  before  and 
after  test  showed  only  slight  changes  in  composition.  The  visual  inspection  of  the  discs  indicated  no 
changes  in  their  physical  appearance  due  to  corrosion,  and  the  weight  increases  were  insignificant 
(Table  891.  The  frangible  discs  ••sed  in  this  storage  test  were  also  of  a  laminated  construction  con¬ 
sisting  of  the  f«)il  or  disc  (wmented  tti  the  retainer  lip. 

There  was  no  measurement  of  the  thickness  of  the  discs  after  this  six-month 
storage  because  the  discs  showed  some  slight  separation  of  the  foil  and  retainer  after  disassembly 
(Figure  158)  and  before  rupture,  making  recording  f>f  this  data  impossible.  The  separation  was 
caused  by  an  improper  bond  of  the  two  parts  of  the  disc  assembly,  and  the  pressure  test  to  insure  a 
leak  proof  seal  of  the  disc  and  fixture. 

The  test  discs  were  ruptured  with  water  and  compared  with  the  burst  pressure  of 
the  reference  disc.  The  burst  pressure  of  the  test  discs  was  approximately  IS'c  higher  than  the 
design  limits  of  these  discs.  Figure  159  shows  the  abnormal  break  of  these  discs. 

Sittce  the  inception  of  this  program  and  because  of  the  recent  high  rate  of  poor 
cycle  welds,  batch  sampling  under  rigid  Bell  Aerosystem’s  quality  control  is  being  followed  to 
assure  compliance  with  rated  burst  values.  This  includes  manufacture  of  discs  in  batches  with  re¬ 
cording  (-f  manufacture  and  cure  dates,  and  actual  rupture  of  a  certain  number  of  each  batch.  De¬ 
viation  from  rated  rupture  pressure  causes  rejection  of  the  entire  batch. 

The  discs  used  in  this  storage  test  were  procured  before  the  inception  of  batch 
sampling,  so  it  is  jiossible  that  several  discs  being  used  for  conducting  these  tests  may  have  poor 
cycle  welds. 

Following  rupture,  fixture  No.  203  was  subjected  to  the  rated  flow  of  30  Ib/sec  at 
an  inlet  pressure  of  900  psig  bir  fine  minute.  Fixture  No.  204  was  subjected  to  an  increase  flow 
of  40  Ib/scc  at  an  inlet  pressure  of  900  psig  ffir  <me  minute. 

Upon  investigation  of  the  ruptured  disc.s,  the  break  was  uneven  and  torn.  This 
resulted  from  the  imprfijHT  btinding  of  the  disc  and  ftiil  and  the  higher  pressure  necessary  for  rupture. 

There  was  no  aijparent  effect  of  the  fluid  velocity  on  the  ruptured  lip  after  storage. 

When  the  final  two  fi.xtures.  No.  205  and  20C,  completed  nine  months’  .storage, 
they  were  disassembled  and  the  discs  were  inspected  and  weighed.  Analysis  of  the  N20^  before  and 
after  test  showed  finly  slight  changes  in  composition. 

The  visual  inspection  «if  the  disc  showed  no  visible  changes  in  fixture  No.  205. 
Fixture  No.  206  had  a  slight  sail  depfisit  on  the  N^O.  side.  Dimensional  changes  and  weight  changes 
on  the  fixture  No.  205  were  negligible.  Disc  No.  206  showed  a  slight  increase  in  weight  and  thickness 
due  to  salt  deposit. 
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Tlu'  discs  \scr«“  rcassciiihicci  in  llu'ir  respective  liMiires  nini  rupturi'd. 

Uuplurc  values  of  the  test  discs  were  within  rat«‘d  values  el  a  rel<  rence  disc  (Table  89).  Fellew- 
inj;  rupturi'  (Fit;ur»'  160),  lixture  Ne.  205  was  sul>jcct«“d  te  the  rated  flew  el  30  Ih/sec  al  an  inlet 
pressure  el  900  psii;  tor  oni-  niinule. 

L’lxm  investigation  of  the  ruptuia*d  fliscs,  tln'  break  was  eviui  and  clean  and  there 
was  ne  apparent  effei't  ef  the  lluitl  velocity  on  the  ru|)tured  lip. 

As  a  result  of  this  franttible  disc  sier.i^e  pret;rani.  it  is  concludi-d  that  there  is 
no  apitarent  adverse  eff»>ct  of  N20^  upon  a  pretiuctien  type  tranttible  disc  when  stored  at  ambient 
conditions  in  ^2^4  period. 

The  frant;ibl(‘  discs  us<“d  t«i  det<'rniine  the  i-orrosien  and/or  burst  changes  caused 
by  exitosure  to  UDMH  were  Ras<'al  iiroduction  type  disi  s,  .Six  Rascal  ^'2^4  pack  assemblies  (Figure 
161)  were  I'cworked  for  the  UDMH  storaite  preitram  bv  iiu-er|)eratint;  seals  and  lubricants  comj)atible 
with  UDMH. 


As  with  the  N2O.J  franttibU-  disc  tests,  these  packs  were  fitted  with  frant?ible  discs 
previously  weijthed  and  measured,  and  filled  with  pr«‘viously  analyzed  UDMH. 

The  dt'sijin  of  these  pack  assemblies  was  such  th.it  a  measured  quantify  of  UDMH 
was  sealed  between  two  frangible  discs.  The  seals  betwi’ini  the  UDMH  and  atmosphere  are  the  frant;- 
iblo  discs  which  ari'  hoUi  in  place  by  e.xternal  nuts  toniucd  to  measured  valui'S.  The  face  of  each  disc- 
exposed  to  UDMH  is  made  of  type  1100-0  aluminum. 

Attack  of  the  UDMH  on  the  frangible  discs  or  rubber  O-rinns  would  result  in  Icakatic 
and  possibly  affect  the  rated  '.jurst  pressure  of  the  discs. 

These  six  fixtures  were  numliered.  filled  with  UDMH.  and  placed  in  storajte  for  the 
three-,  six-,  and  nine-month  periods  at  ambient  conditions. 

A  daily  visual  inspection  was  made  of  the  fixtures.  After  three  months’  storaRe, 
two  of  the  fixtures  wen-  disassembled  and  the  discs  were  inspected,  measured,  and  weiRhed.  DaUi 
obtained  are  listed  in  T.''.blc'  90. 

UDMH  analyses  licfore  and  after  test  are  reported  in  Table  91.  With  tiie  exception 
of  a  yellow  discoloration  and  a  di-crease  in  perci-nt  transmission,  the  UDMH  from  each  test  fixture 
mot  Military  Specifications  (Heference  90).  Propellant  discoloration  was  probably  caused  by  contact 
with  ljutyl  rubber  O-rinRS. 

A  visual  inspection  of  the  discs  indicated  no  chaiiRes  in  their  physical  appearance 
due  to  corrosion.  Dimensional  chaiiRcs  we  re  ncRliRible  and  with  the  exception  of  disc  2,  in  fi.xture 
No.  202,  which  exhibited  a  slight  leak  after  60  days.  weiRht  chaiiRos  were  iieRliRiblo.  The  weight 
increase,  apiiroximately  0.7'(.  can  be  attributed  to  the  absorption  of  UDMH  by  the  e.xposed  cycle- 
weld  cement  on  the  opposite  side  of  the  disc.  A  pressure  check  of  10  psig,  made  before  disassembly 
of  the  leaking  fixture,  showed  no  increase  in  the  leakage.  For  this  reason,  it  was  concluded  that 
leakage  was  caused  by  imiiroper  seals  between  the  frangible  disc  and  the  fixture. 

Again,  these  discs  were  ruptured  with  water  and  compared  with  the  burst  pressure 
f)f  a  reference  disc.  The  burst  pressure  of  the  test  discs  was  within  the  design  limits  of  these  discs. 
The  rated  flow  for  these  discs  after  rupture  was  three  pounds  per  second  at  an  inlet  pressure  of 
750  psig. 
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F'iNliirc  No.  201  .siili|c<  (i  j|  in  tins  flnw  lur  a  (liiralinii  of  orif  minute  after  rujjture, 
aiicl  fi.xture  No.  202  wa;;  .sulijeeled  to  a  llo'.\  ol  ■  .’to  rat<  i|.  or  lour  pouiuls  pi'r  .second,  at  inlet  |)re.s- 
•sure  of  750  i)si^  for  one  minute  fliir.tl  ton  niii-t  riii)!  ii  <  .  I  pon  i nvesl i|^at ion  of  the  rujjiured  disc.s, 
tin-  hroak  was  nttrmal  :iik1  clt'an  and  I  In  re  w.i>,  no  nt  ■  lleci  of  ||ic  fluid  \-elocity  on  the  rujMured 

lip  (FifO^ire  162).  After  two  other  li.\lures.  No.  20.'f  .mil  20-1.  eonipleied  .■^ix  month.s'  storage,  tiu'y 
were  disassemliled  and  the  flises  were  inspeeiefl  for  eorrosion.  nn-.t.'^ured.  and  wc-ighed.  Data  ob¬ 
tained  are  ri'eortletl  in  TaliU'  90. 

The  UDMH  used  in  this  ie.st  was  inadvertently  dump(‘d  after  storage.  Therefore, 
no  data  on  the  lIDMIl  analysis  after  storaeo  js  available. 

A  visual  ins|)eeiion  of  the  discs  indicated  no  chiinges  in  fthysica!  appearance  due  to 
ctirro.sion.  Dimensional  changes  were  negligible  and  the  weight  increases  were  insignificant.  Figure 
163  is  a  photograph  of  the  discs  after  the  six-months’  e.x|)osure. 

The  discs  were  re.is.'.enibled  in  the  resi)ecti\’e  fixtures  and  ruptured  with  water. 
Higher  rupturt  values  than  rated  lor  lixtun  No.  203  were  attributed  to  improper  cycle  welding  ol 
the  downstream  No.  2  disc. 


The  rupture  disi  s  used  m  these  storage  tests  were  of  a  laminated  const  ructir.n 
consisting  of  the  loll  or  disc  cemented  to  thi'  retainer  or  b|).  This  is  similar  to  the  discs  used  in  the 
N.,0_j  tests. 

The  No.  2  disc  in  tixture  No.  203  showed  a  slight  sefiaration  of  the  foil  and  retainer 
after  disassembly.  This  was  caused  by  an  improper  bond  of  the  two  jiarts  ol  the  disc  assembly.  The 
pressure  test  to  insuri'  .i  leak-proot  seal  o|  the  disc  and  lixture  caused  this  se|)aration. 


This  ri'sulted  in  the  slightly  higher  jtressure  necessary  to  ruiiture  the  discs  in  fix¬ 
ture  No.  203  as  is  shown  in  the  rupture  pressure  eolumn  o|  Talile  90. 

As  is  stated  in  the  N.,0^  Irangible  disc  storage  test,  batch  sampling  under  rigid 
Bell  Aerosystems  control  is  In  ing  loHowed  to  assure  .i  better  iiuality  disc.  Here  again,  it  is  i>o.ssible 
that  inferior  (fuality  discs  were  used  lor  this  test. 

l-'ollowing  ruiiture.  lixture  No.  203  was  subjected  to  the  rated  flow  of  3  Ib/sec  at  an 
inlet  pressure  of  750  fisig  lor  one  minute,  .mil  lixture  No.  204  was  subjected  to  an  increased  flow  of 
4  Ib/sec  at  an  inlid  prissure  of  750  ftsig  lor  one  minute. 

Upon  investigation  of  the  ruptured  disi  s,  the  No.  2  disc  in  fixture  No.  203  showed 
an  uneven  and  torn  break  (Figure  164).  Thi.s  iH'sulted  from  the  improfier  bonding  of  the  disc  and  foil, 
and  the  higher  pressure  iii  (wssarv  lor  rupture.  The  break  in  the  No.  1  disc  in  fixture  No.  203  was 
normal.  The  breaka  in  both  discs  in  fixture  No.  204  (Figure  164)  were  normal  and  clean,  and  the 
rupturi'  firessure  was  within  design  limits. 


storage. 


There  was  no  afip.irent  effi'ct  of  the  fluid  velocity  on  the  rufitured  lifts  after 


The  final  two  fixtures.  No.  205  aiie  206,  completed  nine  months'  storage  snd  were 
disassembled.  The  frangible  discs  were  removed,  weiglu-d.  and  measured.  Analysis  of  the  UDMH 
after  test  showed  that  the  proftellant  met  spei'ifications  except  for  a  slight  yellow  discoloration 
(Table  91). 


Visual  inspection  of  the  di.scs  showial  no  visiltU-  changes.  The  surfaci*  of  the  discs 
exftosed  to  UDMH  was  brig.hl  and  clean.  Comparison  of  the  wi-ights  of  the  discs  showed  a  slight  in- 
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crease  after  nine  monttis'  storage.  An  overniuhl  U-sl  was  made  on  the  discs  con.sistinti  of  exposure 
in  a  l)e;iker  to  a  sliplit  sti'eam  of  pas  !<•  va;'nri/«‘  ITfJMH  al)sorl)ed  in  tlie  franpil)U-  disc  mat(‘rial. 
No  sipnificant  weiphl  clianpe  resulti'd. 

Tlu“  discs  were  reassenii>l*‘d  into  their  respt>ctive  fixtures  and  rujitured.  Follow- 
inp  rupture,  fixture*  No.  205  was  sul)jected  to  the  rated  flow  eif  3  Ih/sec  at  inlet  pressure  of  750  psip 
for  otic  niinuti*.  Fixture*  No.  206  was  .suhjc*e*te*d  tei  a  fleiw  of  4  Ih/sec  at  inle*t  pressure  of  750  psip 
fe)r  api)re>ximate*ly  one  minute. 

Ui)on  investigation  e»f  the  ruptured  discs,  the*  l)re*ak  was  eve'ii  and  clean  and  there 
was  IK)  apjtarent  effee't  of  the  fluid  veletcity  e)n  the  ruptureel  lip  (Fipure  165). 

As  a  result  of  this  franpiblo  dise*  steerape  propram,  it  is  concluded  that  there  is  no 
apparent  effee-t  e>f  UDMH  upeni  a  p.''e)ductie>n  type*  franpihle  dise*  when  ston'd  at  ambient  conditions  in 
UDMH  for  a  nine-month  period. 
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III.  CONCLUSIONS  AND  HKCOMMENDATIONS 


NgH^  and  UDMH  arc  inscn.sitivc  to  shock  at  anihicnt  temperatures  and  after  st«jraRe  at  160  F 
for  three  months. 

Generally,  no  serious  itroblems  are  involved  in  finding;  metals  of  construction  for  service  with 
N_0..  N„H,.  and  UDMH  provided  that  the  propellants  are  used  in  their  anhydrous  state  and  tempera¬ 
tures  do  not  exceed  160  F  (65  F  for  NgO^). 

Teflon  is  considered  the  best  available  pla.stic  material  for  use  with  the  three  propellants. 
Amonn  elastomers,  butyl  rubber  805-70  obtained  from  PARCO  was  found  to  be  satisfactory  for  ser¬ 
vice  with  the  fuels.  Silastic  LS-53  and  Stillman  Rubbt-r  <-on)i)ound  TH1057  are  considered  promising 
elastomers  for  limited  service  with  However,  no  fully  compatible  elastomer  for  service 

has  been  found,  and  further  testing  bef<)r<-  use  in  a  component  is  recommended. 

Based  on  field  experience  and  e.xtensive  laboratoi-y  tests, three  lubricants  were  found  to  be 
suitable  for  UDMH  and  N2H4  service.  For  N204>  only  lubricant  found  that  might  find  limited 
service  was  molyl)denum  disulfide. 

It  is  recommended  that  efforts  be  continued  t«>  find  phistics,  elastomers,  and  lubricants  com¬ 
patible  with  the  three  prfipellani  s.  particularly  N2O4.  In  addiiion,  it  is  recommended  that  testing  be 
conducted  to  resolve  controvers.al  materials  compatibility  data. 

It  IS  recommended  that  more  el.iborate  material  compatibility  tests  be  performed  with  those 
materials  considered  satisfactf)ry  for  short-term  service  with  the  propellants.  Such  testing  should 
include  measurements  of  mechanical  properties,  determining  optimum  compatibility  time  and  tem¬ 
perature,  and  determining  amount  of  water  contamination  that  can  be  tolerated  in  the  propellants 
without  having  adverse  effects  on  the  materials. 

Certain  constituents  of  air  wen-  found  to  react  with  the  j)roi)ellants.  The  effect  of  contaminants 
such  as  stainless  steel  chips,  aluminum  i-hips.  and  lint  in  the  projjellants  was  negligible.  N2O4. 
UDMH,  and  N2H4  wore  pressurized  with  hot  nitrogen  (1000‘'F)  under  1000  psig  with  no  mishaps. 
However,  during  prerun  ti'mperature  lanuiiiioning  with  the  N2H4  (in  347  stainless  steel  taitk)  at 
150  F  and  the  ullage  temperature  at  approximately  290  F,  a  tank  rupture  oecurred. 

Two  explosions  were  encountered  during  high  temperature  (300  F)  tests  with  N2H4.  One  ex¬ 
plosion  occurred  in  type  347  stainless  steel  tank  and  the  other  in  PH  15-7  Mo  stainless  steel  tanlt. 

The  causes  were  attributed  to  catalytic  decomposition.  N2H4  decomposition  also  occurred  in 
6061-T6  aiunnnum  and  C  120  AV  titanium,  but  the  decf)niposHion  was  not  explosive  under  the  cf)n- 
ditions  tested. 

UDMH  was  stored  in  6061 -T6  aluminum,  C  120  AV  titanium,  type  347  stainless  steel,  and  PH  15-7 
Mo  stainlr.ss  steel  at  approximately  3000  F  for  three  months  exhibiting  only  slight  decomposition 
and  small  pressure  rises.  The  metals  are  placed  in  order  of  ijreference.  Anhydrous  N2O4  at 
elevated  temperature  (270  F)  in  60G1-T6  aluminum.  347  stainless  steel,  and  PH  15-7  Mo  stainless 
steel  exhibited  only  vapor  pressure.  Absorption  of  a  slight  amount  of  moisture  at  this  temperature 
will  caus«>  corrosion  inside  the  tanks.  Titanium,  however,  should  not  be  used  with  N2O4  until  ex¬ 
perimental  data  is  available  disprfwing  the  possiltility  of  forming  sensitive  deposits. 
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TIu'  thrt'f  propellants  wore  stored  outdoors  \vlu*ro  toniiK'raturos  fluctuatod  from  0  F  tf)  approx¬ 
imately  90  F  for  six  months  in  10-t;allon.  60G1-T6  aluminum  and  PH  15-7  Mo  stainless  stool  drums. 
There  was  no  siiinifii-ant  ehanp:e  in  the  pro|M'llat)t  (piality  after  this  period  and  visual  inspoetion  of 
the  inside  of  eaeh  tank  revealed  no  corrosion.  The  fuels  were  stored  at  160  F  for  3  months  in  iden¬ 
tical  drums  with  little  or  no  propellant  decomposition  deti-cted.  Visual  inspection  f)f  the  inside  of 
eaeh  drum  showed  no  corrosion.  N2O4  was  stored  at  70  10  F  for  3  n<onths  in  identical  drums  with 

no  chant'es  in  propellant  ({uality  and  no  metal  attack. 

Based  on  flow  and  exposure  tests  with  RASCAL  type*  hardware  converted  to  operate  with 
N20^/UDMH  (merely  ehan(;inp:  seal  materials  as  noted  in  this  report),  it  can  be  concluded  that  the 
state-of-the-art  of  hardware  desipined  for  fuming  nitric  acid  (oxidizer)  and  JP-4  (fuel)  can  be  utilized 
witidiquid  storables. 

A  total  of  eight  shaft  seal  configurations  were  evaluated.  Six  configuratitjns  were  of  the  bellows 
type  face  seal  and  two  of  the  stanc.'ard  internal  packing  type  fact*  seals.  The  bellow.s  type  face  seals 
having  Graphitar  G-39  carlton,  Purebon  Carbon  658RC.  and  glass  impregnated  Teflon  and  ceramic 
impregnated  Teflon  seal  fact*  inserts  sht)wetl  excellent  wear  r)ualitie.s  wlu*n  run  against  316  stainless 
steel  and  flame-plated  chrtmiium  carbide  mating  rings  The  bellows  type  face  seal,  in  general, 
was  superitir  to  the  standard  iiUernal  packing  type  seal.  Bellt)ws  material  te.stt*d  included  Inconel-X, 
AM-350.  347  stainless  steel,  and  410  stainless  steel.  All  t)f  ihest*  materials  were  compatible  with 
N2O4.  The  only  prtiblem  area  enct>untered  was  with  the  347  stainless  steel  bellows  which  took  a 
permanent  set  at  thi*  s(*al  oiterating  height.  This  is  a  typical  characteristic  of  347  stainless  steel 
since  this  type  stainless  steel  is  not  heat-treatable.  Of  the  standard  internal  packing  type  seals, 
butyl  rubber  and  Teflon  packings  were  ti*.stefl.  It  was  found  that  the  butyl  rubber  intc'rnal  packing  was 
severely  attacked  by  the  N2O.J.  causing  i*xc(*ssiv(*  li*akage  past  the  packing.  This  was  the  only  com¬ 
patibility  problem  encountered  during  the*  entire  stal  (  valuation  program. 

It  is  recommended  to  conduct  further  seal  evaluations  in  conjunction  with  the  i)roposed  bearing 
evaluations.  At  this  time,  the  {*valuation  should  conc<‘ntrale  on  seal  face  rnaterial  combinations. 
Materials  such  as  flame-i)lat(*d  aluminum  oxide.  flame-j)lated  tungsten  carbide  and  17-7  PH  stainless 
steel  should  bi?  in  'cstigated  lor  sealing  and  wear  ciualities  run  against  itself  and  the  various  carbons 
such  as  Graphitar  Carbon  G-39  and  Pur<*bon  Carbon  658nC  and  P5N'. 

Anti-friction  bearings,  such  as  ball  or  rolli*r  b(*aring.s  made  from  standard  SAE  52100  series 
bearing  stet*!  or  440C  stainless  steel,  may  be  sa.tisfactorily  run  and  lubricated  in  litpiid  NgO^j  under 
loaded  conditions  for  extended  du.ations.  Sleeve-type  bearings  math*  from  glass  and  grapnite  im¬ 
pregnated  Teflon,  although  compatible  with  licjuid  .n’20,j.  ar(*  only  cajjable  of  small  load  carrying 
capabilities. 

It  is  highly  recommended  to  c<  (duct  additional  bearing  evaluation  i)rograms  utilizing  the  pro- 
IJcllants  for  lubrication.  This  type  of  lubrication  of  bearingts  would  greatly  imnrove  the  state-of-the- 
art  of  turbo-pump  designs.  The  pump  impell(*r  shaft  overhangs  would  be  e'  'mated  by  repositioning 
the  outboard  bearings  Irom  the  g(*ar  bo.x  to  the  inmip.  This  would  ri*sult  in  .1  .iiuch  shorter,  compact, 
lightweight  turbo-pump  assembly.  In  conjunction  with  these*  tests,  various  ad''itional  bearing  mater¬ 
ials  shf)uld  be  evaluated. 

The  N2O4  pumping  program  was  compl«*led  with  partial  succ(*ss.  T'  ivitation  performance 
with  water  was  considerably  bi'tter  than  with  N2O4.  Cavitation  performai  with  N2O4  using  helium 
gas  and  nitrc)gen  gas  for  pressurization  indicate  bett(*r  pi*rformance  may  ibtained  with  helium. 

This  correlates  with  the  fact  that  tiu*  h(*iium  is  less  soluble  in  N2O4  than  ■•og(*n.  Contrary  t('  this, 
one  point  at  the  start  of  a  run  using  nitrogen  gas  indicate!;  comparable  (n*;  *nanc('  to  tiu*  rim  using 
helium  gas  pressurization.  The  effect  of  the  small  systi*m  volumi*  is  not  k  bii(  1  detrinu'ntal 

I  ffect  is  a  strong  possibility.  The  t(*mperalure  rise  of  approxii?iately  2  F  pt  1.  ; c  is  indicativi* 

1*1  inadequate  systt*m  volunu*.  No  mat<*rial  compatibility  or  pump  seal  problems  were  <'ncoimt»'red. 

N"  difierence  in  the  cavitation  performance*  was  found  pumping  UDMH  as  comp;ired  to  pumpin*g  watt'r. 
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Figure  2.  Vapor  Pressure.  NgO^ 
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Figure  4.  Effect  of  Pressure  on  Viscosity,  Liquid  N2®4 
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Figure  5.  Viscosity  of  N  O 
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Figure  6.  Heat  Capacity  of  Liquid 
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Figure  7.  Density  of  UDMH 
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^  Dowman,  n.E.,  and  Weber,  W.F. 
Properties  of  Hydrazine,  Liquid 
Propellants  Handlxx)k,  Battelle 
Memorial  Institute 
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Figure  12.  Specific  Gravity  of  Anhydrous 
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Figure  13.  Vapor  Pressure  Versus  Temperature  for  Anhydrous  NjH 
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Figure  16.  Liquid  Phase  Properties 
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Figure  19.  Gas  Pressurization  Test  -  at  70°F 
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Figure  20.  Gas  Pressurization  Test-UDMH  at  140° F 
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Figure  23.  Schematic  of  Typical  Tank  Installation  in  Oven 


To  Water 
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Figure  24.  UDMH,  N2HJ  Temperature  Limits  (300“  F;  Test  Set-up  -  Iluii  I 
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Figure  25.  Pressure  vs  Time  Curves  -  N,H.  Temperature  Limits  Test  -  Run  1 
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Figure  29.  Temperature  Limits  Test  -  Explosion  Damage  to  Tanks 


Figure  30.  Temperature  Limits  Test  -  Explosion  Damage  to  Tanks 
1,  2,  and  4,  from  Left  to  Right 
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Figure  32.  Temperature  and  Pressure  vs  Time  Curves  -  N2H^  Temperature  Umits  Test  -  Run  2 
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Figure  33.  Temperature  and  Pressure  vs  Time  Curves  —  N,H .  Temperature  Limits  Test  —  Run  3 
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Figure  36.  N2H4  at  SOO^F  for  24  Hours  (Aluminum  Benson  Tank) 


Figure  38.  Temperature  Limits  Test  -  UDMH  Tank  Tests  at  300°  F 


O 


# 


mm 


FifTure  3S.  Pressure  Gage  Panel  for  300°  UDMH  Tank  Tests 
AFFTC  TR-60-01  ,r,i 


£ 


2 


9 


AFFTC  TR-60-61 


103 


Figure  41.  Temperature  Limits  Test  -  Test  Set-up  for  High  Temperature  Tests 
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Figure  42.  Temperature  Limits  Tests  Above  300“F  with  N2H4  in  6061-T6 

Aluminum  Tank 
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Temperature  Limits  Test  Above  300^F  with  NoOd  in  PH  15-7  Mo  Tank 
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Figure  45.  Corrosion  Rate  of  Several  Metals  In  UDMH  Solutions 
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Figure  46.  Set  Up  for  N  O  Metal  Compatibility  Tests 


at  60  t5°F  for  Days  Indicated 
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Figure  48.  Metals  Exposed  to  N2O4  60°  ±5°F  for  One  Month 


Figure  49.  Inipacc  Test  of  A  110  AT  Tilaniuni  at  170  Fi-Ll)  After  30  Day 
Exposure  to  N2O4 
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Figure  50.  Impact  Tests  of  MeUil  Coupons  at  170  Ft-Lb 
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Figure  54.  Metals  Exposed  to  Hydrazine  at  140°F  for  One  Month 


Figure  55.  MeUils  Exposed  to  N2H4  ul  200 'F  for  One  Month 


Figure  56.  Lubricant  Tester 
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Figure  58.  Schematic  for  System  Flow  Tests  (Slieet  1  of  2) 
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FUEL  SYSTEM 


1 

62-472-667-5 

Pressure  Switch 

1 

59-472-275-1 

Valve  Assy 

1 

62-472-163-5 

TCPV 

3 

62-472-413-1 

Marotta  Solenoid  Valves 

1 

62-472-213-5 

By-Pass  Valve 
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62-472-089-1 

Check  Valve 

1 

62-472-340-1 

Manual  Fill  Valve 

1 

62-472-093-5 

Gas  Operated  3-Way  Valve 

1 

62-472-087-1 

Check  Valve 
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62-472-667-1 

Pressure  Switch 
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62-472-367-1 

Gas  Generator 
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P/N  83  or  62- 

472-034-1  Valve  Assy 

1  62-472-038  Tank  Pressure  Relief  Valve 

1  59-472-275  Bleed  Valve 

1  56-472-522  Pressure  Relief  Valve 

1  3/4"  Globe  Hand  Valve 

PRESSURIZATION  SYSTEM 
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62-472-093-5 

62-472-087-1 
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Check  Valve 

Manual  Fill  Valve 

Gas  Operated  3-Way  Valve 
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OXIDIZER  SYSTEM 


1 

2 


2 

1 

PRESSURIZATION  SYSTEM  2 

62-472-205-3  N2  Regulator  Pack  j 

62-472-412-1  Whittaker  5-Way  Solenoid  Valves  j 

1 

1 

2 

1 

1 


3/4"  Circle  Seal  Check  Valve 
Fuel  Tank  (56-471-401) 

3/4"  Gate  Hand  Valves 

1/2"  Circle  Seal  Check  Valve 

15H  Grove  Hand  Loader  Regulator 

200  Series  Grove  Dome  Loaded  Regulator 
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100  Gal.  S.S.  Tank  WP-1000  Psig 
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QTY  DESCRIPTION 

BILL  OF  MATERIAL 

Figure  58.  Schematic  for  System  Flow  Tests  (Sheet  2  of  2) 
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(psi) 


Equivalent  Water  Flow  (Ib/sec) 


Figure  59.  62-472-163-5  Thrust  Chamber  Propellant  Valve 
(Fuel  and  Oxidizer)  Flow  vs  A  P 
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(psi) 
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(psi) 


Figure  61.  62-472-213-5  Turbine  Bypass  Valve  -  Flow  vs  AP  (Fuel  and  Oxidizer) 
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Rated  Flow 
with  Methanol 


Initial  Room  Temp 
with  UDMH 


Rated  Flow  with 
Methylene  Chloride 


Initial  Room  Temp, 
with  N-O. 


ni  ! 

Elevated  Temp., 
with  UDMH  - 


-Final  Room  Temp 
with  UOMH 


Elevated  Temp.  Test 
withN20^ - ^ 


Final  Room  Temp, 
with  N-O.  - / 
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Figure  62.  62-472-340-1  Manual  Fill  Valve  -  Flow  vs  AP  (Fuel  and  Oxidizer) 


Equivalent  Water  Flow  (Lb. /Sec) 


Final  Rcxjm  Temp 
with  N2O4  - 


Rated  Flow  with 
Methylene  Chloride 


Equivalent  Water  Flow  (Ib/sec) 


Figure  63.  62-472-088-1  Oxidizer  Check  Valve  -  Flow  vs  A  P 
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Figure  64,  62-472-089-1  Fuel  Check  Valve  -  Flow  vs  A  P 
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d  V 


Equivalent  Water  Flow  (ll>/see) 


Figure  65.  62-472-087-1  Check  Valve  -  Flow  vs>  A  P  (Fuel  and  Oxidi/er) 
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Figure  66.  62-472-413-1  Marotta  Sulenuid  Valve  -  1  s  A 
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1  97 


< 


Equivalent  Water  Flow  (Lb./Sec) 


Figure  G8.  G2-472-093-5  Gas  Operated  Three-Way  -  Flow  vs  A  P 
(Fuel  and  Oxidizer) 
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Fissure  70.  Seal  Test  Ri 


I'.'iri 


Fit;uro  73.  Glass  Impregnated  Teflon  Face, 
Type  347  Stainless  Steel  Bellows  Seal 


Figure  75.  Graphitar  G-39  Carl)on  Face, 
AMS  350  Stainless  Steel  Bc'llow.s  Seal 
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Figure  76,  'fype  316  Stainless  Steel 
Mating  Ring 


Fiyuro  77.  Graphitar  G-39  Carbon  Face 
AMS  350  Stainless  Steel  Bellows  Seal  - 
Repeat  Test 


Figure  78.  Type  316  SUiinless  Steel 
Mating  Ring  -  Repeat  Test 


Figure  79.  GraphiUir  G-39  Carbon  Face 
Butyl  Rubber  Packing  Seal 


Fiyuro  81.  Butyl  Ruljljcr  Packing 
Seal  After  To.st 


Fijturo  82.  Graphitar  G-39  Carbon  Face 
Anti -Rotation  Locks,  Type  410  Stainless 
Steel  BellOiVs 


Fipurc  83.  Type  316  Stxiinle.ss  Steel  Matint;  Ring 
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t  igure  84.  Graphitar  G-39  Carbon  Face  300  Series  Stainless  Steel 
Cup  and  End  Pieces  and  410  Stainless  Steel  Bellows 


Figure  85.  Mating  Ring  -  Chromium  Carbide  Flame  Plated 
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Figure  86.  Glass  Impregnated  Teflon  Face,  300  Figure  87.  Type  316  Stainless  Steel  Mating  Ring 
Senes  Stainless  Steel  Cup  and  End  Pieces  and 
AM  350  Stainless  Steel  Bellows 


Figure  88.  Glass  Impregnated  Teflon  Face,  300  Series  Stainless  Steel 
Cup  and  End  Pieces  and  Teflon  Internal  Packing 
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Figure  89.  Type  316  Stainless  Steel  Mating  Ring 
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Figure  90.  Glass  Impregnated  Teflon  Face,  300  Series  Stainless  Steel 
Cup  and  End  Pieces  and  347  Stainless  Steel  Bellows 
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Figure  93.  Graphitar  G-39  Carbon  Face,  300  Ser 
Cup  and  End  Pieces  and  AM  350  Stainless  S 
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Load- Lb. 
2.8 
18.7 

33.5 
51.3 

75.6 
08.6 

103.0 


TIME  —  seconds 


Figure  95.  N2O4  Bearing  Test,  Test  Bearing  -  MRC  205  Stainless  Steel 
Ball  Run  No.  617-622  and  Run  No.  626 
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TEMPERATURE 


Figure  96.  N2O4  Bearing  Test,  Run  No.  623-625 


At- 


Figure  97.  Bearing  Test 
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THRUST  &  RAIHAL  LOAD 


WIWTCOTT 


Figure  99.  Sleeve  Bearing  Shaft  -  Type  316  SUiinless  Steel 
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Propellant 
Pressure  -  Psig 


Figure  100.  N2O4  Bearing  Test,  Run  No.  627-634 
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Figure  106.  N,0^ 


Figure  108.  Sleeve  Bearing  Shaft  -  Type  316  Stainless  Steel 
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Figure  109.  Graphitar  G-39  Carbon  Face  -  Anti- Rotation  Locks 
Type  410  Stainless  Steel  Bellows 


Figure  110.  Type  31G  Stainless  Steel  Mating  Ring 
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Figure  114.  Cavitation  Characteristic  of  Model  8096  Oxidizer  Pump 
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Figure  119.  Gas  Handling  Train  and  Infrared  Spectrophotometer 
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Figure  121.  Cross  Section- Valve  AsscniOly  -  Propellant.  Thrust  Chamber  G2-472-1G3 
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Figure  123.  Cross  Section 


ButvJ  Rul»ln‘r  Pui-klni! 


Figure  124.  Cross  Section  -  Valve  Assembly  Bypass  Turbine  62-472-213 


Section  -  Valve  Assembly  -  Jettison  62-472-034 


Teflon 


Fi>jvire  128.  Cross  Section  -  Valve  Assembly  -  Bleed  Valve  59-472-275 


Teflon 


Teflon 


SST.  Series  300  Wire  Mesh 


Section  C-C 


Fi^^re  129.  Cross  Section  -  Filter  Assembly  62-472-751-1 


a 

L-  J 

iX 

Electrical  Conn 


Inlet  Port  -i 
1/4  Tube  Size 


Figure  130.  Cross  Section  -  Pressure  Switch  Assembly  62-472-667-1.  -3.  -5,  and  -7 
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Figure  131.  Cross  Section  -  Valve  Assembly  -  Three-Way  Gas  Operated  62-472-093 
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Figure  132.  Cross  Section  -  Valve  Assembly  -  Solenoid  Two-Way  62-472-413-1 
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Flgxire  151.  62-472-093  Shuttle  Valve  UDMH 


Finuro  152.  62-472-093  Shuttle  Valve 
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FRANGIBLE  DISC 
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Figure  156.  Storage  Fixture  -  Aluniiiuim  Frangible  Disc  Exposed  to 
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BLACK  RING  ON  FRANGIBLE  DISC 
-  OUTLET  (CYCLEWELD  CEMENT) 

.  —  ON  THIS  SIDE  — 


INLET 


L 


.  s.‘ 


UDMK 

CHAMBER 


^rr:" 


D  ^ 


y 


■^607-015-224-9 
FRANGIBLE  DISC 
NO.  2 


-  607-015-224-9 
FRANGIBLE  DISC 
NO.  1 


Figure  161.  Storage  Fixture  —  Aluminum  Frangible  Disc  Exposed  to  UDMH 
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NEW  DISCS 
I  LBS  SEC  FLOW 


MX'I'LllE  HD 
1  LBS  SEC  FLOW 


FIXTUKE  20^ 

3  LBS  SEC  FLOW 


Figure  162.  Burst  Characteristics  of  Reference  Discs  Comp  with  Discs  Exposed  to  UDMH 
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Figure  165.  607-015-224-9  Discs  Stored  with  UDMH  for  Nine  Month.s  LTn-59-143 


TABLE  1 

PROPELLANT  PHYSICAL  PROPERTIES 


UDMH 

Anh.  N2H4 

N2O4 

Empirical  Formula 

CjHgNj  (2) 

N2H4  (4) 

N204'tri2N02  (9) 

Structural  Formula 

H,C  H 

N-N 
/  \ 

HgC  H 

H 

1 

H-N-N-H  (5) 

1 

H 

0  0 

N-N  (10) 

'0 

Molecular  Weight 

60.09  (3) 

32.05  (4) 

92.016  (9) 

Physical  State 

Colorless  hygro¬ 
scopic  liquid 
(2)  and  (3) 

Colorless  hygro¬ 
scopic  liquid  (6) 

Heavy  brown 
liquid  (9) 

Melting  Point,  "'C 
"F 

-57.21  (3) 

-70.97 

2  (6) 

35.6 

-11.2  (9) 

11.84 

Boiling  Point.  °C 
"F 

63.1  (3) 

145.58 

113.5  (6) 

236.3 

21.15  (9) 

70.07 

Heat  of  Combustion, 
kcal/mole 

BTU/lb 

472.6  (3) 

14200 

148.6  at  25  'C  (6) 
8346  at  77  F 

- 

Heat  of  Formation, 
kcal/mole  at  25 °C 

BTU/lb  at  77’F 

12.735  (12) 

381 

12.0  (6) 

676.. 8 

2.309  (9) 

45.21 

Vapor  Pressure  at  68  F 

2.4  psia  (2) 

0.2040  psia  (6) 

13.93  psia  (9) 

Viscosity  at  68  F, 
Centipoise 

Ib/ft-sec 

0.552  (2) 

0.000374 

0.9736  (7) 

0.00654 

0.416  (11) 

0.000280 

Density,  Ib/cu.  ft 
at  68  =  F 

49.57  (2) 

62.96  (7) 

90.21  (9) 

Heat  Capacity, 

BTU/lb- ’F  at  68"F 

0.651  (2) 

0.736  (4) 

0.367  (9)^ 

Heat  of  Vaporization, 
BTU/lb 

251  (12) 

at  77’F 

601.9  (7) 

at  77  F 

178  (9) 

at  70  F  and 

14.7  psia 

Heat  of  Fusion. 

BTU/lb 

72  (12) 

at  -71  F 

0.3751  (7) 

at  34.7  F 

68.4  (9) 

AFFTC  TR-60-61 


190 


TABLE  1  (CONT) 


UDMH 

Anh.  N2H4 

N 

2°4 

Critical  Temperature.  C 

249 

(3) 

380 

(6) 

158.2 

(9) 

F 

480 

716 

316.8 

Critical  Pressure,  atm 

60 

(31 

145 

(6) 

99.96 

(9) 

psia 

880 

(8) 

2135 

1469 

Flash  Point 

Open  Cup.  F 

5 

(3) 

125.6 

(6) 

— 

C 

-15 

52 

Closed  Cut.  F 

34 

(8)  (3) 

104 

(13) 

C 

1.1 

40 

Fire  Point 

Open  Cup.  F 

5 

(14) 

125.6 

(5) 

C 

-15 

52 

Closed  Cup.  F 

34 

(14) 

104 

(13) 

C 

1.1 

40 

Spontaneous  Ignition  F 

482 

(15)*^ 

313 

(16)^; 

— 

Spontaneous  De- 

>1112 

!  (15)d 

931 

composition.  F 


a  -  Extrapolation 

1)  -  In  i  ir  at  14.7  psia  in  Pyrcx  glass 

c  -  In  stainless  steel  and  in  air;  this  value  is  >780  F  in  nitrogen 
d  -  In  nitrogen  at  14.7  psia 

e  -  In  nitrogen  at  200  psig 
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TABLE  2 


DENSITY  OF  LIQUID  N2O4 
(Under  its  own  Vapor  Pressure) 


Temperature  Density 


•c 

•f 

g/cc 

Jb/cu  ft 

Ib/gal 

0 

32 

1.4905 

93.05 

12.44 

10 

50 

1.4700 

91.77 

12.27 

20 

68 

1.4470 

90.34 

12.08 

25 

77 

1.4310 

89.34 

11.94 

TABLE  3 

VAPOR  PRESSURE  OF  N2O4 


Reference  9 


ix4>erature 

Pressure  Lb/Sq  Inch 

Temperature 

Pressure  Lb/'Sq  Inch 

•f 

Absolute 

•f 

Absolute 

70 

14.78 

200 

235.01 

80 

18.98 

210 

281.56 

90 

24.21 

220 

332.8 

100 

30.69 

230 

393.2 

110 

38.62 

240 

463.3 

120 

48.24 

250 

543.9 

130 

59.98 

260 

636.3 

140 

74.12 

270 

732.6 

150 

91.06 

280 

864.1 

160 

111.24 

290 

1000.5 

170 

135.14 

300 

1160.1 

180 

163.29 

310 

1336.5» 

190 

196.35 

316.8b 

1469.0^ 

a  -  Value  extrapolated. 

b  -  Critical  pressure  estimated  from  measured  critical  temperature. 


Reference  9 
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VISCOSITY  OF  N.O.  IN  THE  UQUID  PHASE 
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Reference  9 


TABLE  5 


VISCOSITY  OF  LIQUID  NgO^  AT 
TEMPERATURE  BELOW  50  F 


Temperature 

Cep.tipoise 

"C  F 

10  50 

0.57476 

0  32 

0.63169 

-10  14 

0.69864 

t 

o 

0.77853* 

’Super-cooled 

TABLE  6 

HEAT  CAPACITY  OF  N2O4 

Temperature  R 

BTU/  F/lb 

36.2 

0.0221 

54.2 

0.0490 

72.2 

0.0746 

90.2 

0.0947 

108.2 

0.1110 

126.2 

0,1247 

144.2 

0.1367 

162.2 

0.1478 

180.2 

0.1579 

198.2 

0.1669 

216.2 

0.1757 

234.2 

0.1837 

252.2 

0.1916 

270.2 

0.1995 

288.2 

0.2072 

306.2 

0.2147 

324.2 

0.2224 

342.2 

0.2302 

360.2 

0.2382 

378.2 

0.2463 

396.2 

0.2544 

414.2 

0.2625 

432.2 

0.2705 

450.2 

0.2785 

468.2  solid 

0.2865 

486.2  liquid 

0.3579 

504.2 

0.3617 

522.2 

0.3664 

Reference  9 
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TABLE  7 

EQUILIBRIUM  VALUES  -  PERCENT  DISSOCIATION  OF  N2O4 

N2O4  ^  -  2NO2 


Temperature  Total  Pressure  —  psia 


c 

F 

7.4 

14.7 

29.4 

20 

68 

19.5 

15.8 

7.2 

40 

104 

38.7 

31.0 

15.1 

60 

140 

66.0 

50.4 

28.2 

80 

176 

85.0 

73.8 

46.7 

100 

212 

93.7 

88.0 

66.5 

Reference  9 


TABLE  8 

DENSITY  OF  LIQUID  UDMH  VERSUS  TEMPERATURE 


Temp 

C 

F 

Density 

i;  ml  Ib/cu  ft 

-60.7 

-77.6 

0.875 

54.64 

-55.0 

-67.0 

0.8684 

54.22 

-50.3 

-58.5 

0.864 

53.95 

-45.0 

-49.0 

0.8578 

53.56 

-39.3 

-38.7 

0.854 

53.32 

-35.0 

-31.0 

0.8483 

52.97 

-30.7 

-23.3 

0.845 

52.76 

-25.0 

-13.0 

0.8376 

52.30 

-23.8 

-10.8 

0.840 

52.45 

-20.5 

-4.9 

0.834 

52.08 

-15.0 

5.0 

0.8278 

51.69 

-11.1 

12.4 

0.825 

51.51 

-5.0 

23.0 

0.8176 

51.05 

AFFTC  TR-60-61 


Temp 

Density 

C 

F 

g/ml 

Ib/cu  ft 

-1.8 

31.6 

0.816 

50.95 

0.0 

32.0 

0.815 

50.89 

0.0 

32.0 

0.8123 

50.72 

8.8 

47.8 

0.805 

50.26 

10.0 

50.0 

0.8017 

50.06 

13.8 

56.8 

0.7968 

49.75 

14.1 

57.4 

0.799 

49.89 

25.0 

77.0 

0.7861 

49.08 

25.3 

77.5 

0.791 

49.39 

50.0 

122.0 

0.762 

47.58 

55.0 

131.0 

0.757 

47.27 

60.0 

140.0 

0.752 

46.96 

Reference  2 
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TABLE  9 

VAPOR  PRESSURE  OF  UDMH  VERSUS  TEMPERATURE 


Temp 

Pressure 

Temp 

Pressure 

C 

°F 

mm  Hg 

psia 

C 

'  F 

mm  Hg 

psia 

-35,41 

-31.7 

3.51 

0.0679 

25.6 

78.0 

168.5 

3.259 

-23.33 

-10.0 

8.92 

0.1725 

30.0 

86.0 

207.0 

4.003 

-17.37 

2.0 

13.62 

0.2634 

35.0 

95.0 

256.8 

4.967 

-13.13 

8.8 

18.20 

0.3519 

40.0 

104.0 

321.4 

6.216 

-4.12 

25.0 

32.29 

0.6245 

45.1 

113.2 

399.1 

7.719 

-2.07 

28.5 

36.65 

0.7088 

50.2 

122.4 

491.0 

9.496 

5.06 

41.1 

55.62 

1.076 

54.4 

129.9 

574.5 

11.11 

9.76 

49.5 

72.07 

1.394 

59.1 

138.4 

681.6 

13.18 

15.21 

59.4 

96.39 

1.864 

61.7 

143.0 

749.0 

14.49 

19.94 

67.8 

122.40 

2.367 

62.2 

144.0 

760.0 

14.70 

130.0 

266.0 

6,360.0 

123.0 

160.0 

320.0 

10,500.0 

203.1 

190.0 

374.0 

16,040.0 

310.2 

220.0 

428.0 

27,110.0 

524.3 

230.0 

446.0 

32,860.0 

635.5 

235.0 

455.0 

35,960.0 

695.5 

240.0 

464.0 

37,410.0 

723.5 

250.0 

482.0 

40,660.0 

786.4 

critical 

Reference  2 

TABLE  10 

VISCOSITY  OF  UDMH  VERSUS  TEMPERATURE 

Temp 

Density 

Kinematic 

Viscosity 

Absolute 

Viscosity/ 

C 

"F 

g/ml 

centistokcs 

centipoises 

-55 

-67 

0.8684 

5.889 

5.114 

-45 

-49 

0.8578 

3.588 

3.078 

-35 

-31 

0.8483 

2.389 

2.026 

-25 

-13 

0.8376 

1.745 

1.462 

-15 

5 

0.8278 

1.338 

1.108 

-  5 

23 

0.8176 

1.074 

0.878 

0 

32 

0.812J 

0.964 

0.783 

10 

50 

0.8017 

0.805 

0.645 

14 

57 

0.7968 

0.754 

0.601 
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l  AHLK  lO(CONT) 


Temp 

C 

F 

Densily 

K/ml 

25 

77 

0.7861 

38 

100 

0.7754 

44 

111 

0.7679 

49 

120 

0.7588 

54 

129 

0.7577 

60 

140 

0.7517 

Kinematic 

Vi.sco.sily/ 

ceiitislokes 

Absolute 

Viscosity/ 

<cntiiJoises 

0.647 

0.509 

0.533 

0.413 

0.498 

0.382 

0.469 

0.356 

0.443 

0.336 

0.421 

0.316 

Reference  2 

TABLE  11 

HEAT  CAPACITY  OF  UDMH 


Molar  Hoat 


Temp 

K 

R 

Capacity 
cal/  C  mole 

BTU 

F  lb 

13 

23.4 

0.65 

0.0108 

14 

25.2 

0.805 

0.0134 

15 

27.0 

0.95 

0.0158 

16 

28.8 

1.105 

0.0184 

17 

30.6 

1.28 

0.0213 

18 

32.4 

1.46 

0.0243 

19 

34.2 

1.64 

0.0273 

20 

36.0 

1.82 

0.0303 

21 

37.8 

2.00 

0.0333 

22 

39.6 

2.18 

0.0363 

23 

41.4 

2.36 

0.0393 

24 

43.2 

2.535 

0.0423 

25 

45.0 

2.72 

0.0453 

30 

54.0 

3.74 

0.0623 

35 

63.0 

4.71 

0.0785 

40 

72.0 

5.56 

0.0927 

45 

81.0 

6.345 

0.1058 

50 

90.0 

7.09 

0.1182 

55 

99.0 

7.76 

0.1293 

60 

108.0 

8.32 

0.1387 

65 

117.0 

8.91 

0.1485 

70 

126.0 

9.48 

0.1580 

Temp 

K 

R 

Molar  Heat 
Capacity 
cal/  C/moie 

BTU/ 

F/lb 

145 

261 

16.255 

0.2709 

150 

270 

16.675 

0.2779 

155 

279 

17.10 

0.2850 

160 

288 

17.515 

0.2919 

165 

297 

17.93 

0.2988 

170 

306 

18.33 

0.3055 

175 

315 

18.735 

0.3123 

180 

324 

19.12 

0.3187 

185 

333 

19.55 

0.3258 

190 

342 

19.97 

0.3328 

195 

351 

20.42 

0.3403 

200 

360 

20.88 

0.3480 

205 

369 

21.36 

0.3560 

210 

378 

21.87 

0.3645 

215 

387 

22.36 

0.3727 

215.951 

388.7 

22.46 

0.3743 

215.951 

Fusion 

388.7 

Crystal 

36.25 

0.6042 

220 

396 

Liquid 

36.43 

0.6072 

225 

405 

36.65 

0.6108 

230 

414 

36.86 

0.6143 
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TABLE  11  (CONT) 


Molar  Heat 


Temp 

F 

R 

Capacity 

cai/°C/mole 

BTU/ 

°F/Ib 

75 

135.0 

10.01 

0.1668 

80 

144.0 

10.54 

0.1757 

85 

153.0 

11.055 

0.1843 

90 

162.0 

11.505 

0.1918 

95 

171.0 

11.94 

0.1990 

100 

180.0 

12.385 

0.2064 

105 

189.0 

12.815 

0.2136 

no 

198.0 

13.255 

0.2209 

115 

207.0 

13.68 

0.2280 

120 

216.0 

14.12 

0.2353 

125 

225.0 

14.555 

0.2426 

130 

234.0 

14.99 

0.2498 

135 

243.0 

15.42 

0.2570 

140 

252.0 

15.84 

0.2640 

Temp 

Molar  Heat 
Capacity 

BTU 

"K 

“R 

cal/‘'C/mole 

'"F/Ib 

235 

423 

37.08 

0.6180 

240 

432 

37.26 

0.6210 

245 

441 

37.44 

0.6240 

250 

450 

37.60 

0.6267 

255 

459 

37.76 

0.6293 

260 

468 

38.00 

0.6333 

265 

477 

38.07 

0.6345 

270 

486 

38.23 

0.6372 

275 

495 

38.40 

0.6400 

280 

504 

38.59 

0.6432 

285 

513 

38.78 

0.6463 

290 

522 

38.95 

0.6492 

295 

531 

39.11 

0.6518 

298.16 

536.6 

39.21 

0.6535 

Relerence  2 


TABLE  12 
DENSITY  OF  N2H4 


Temperature  Density 


F 

C 

Ib/cu  ft 

g/cc 

32 

0 

64.009 

1.0253 

59 

15 

63.31 

1.014 

68 

20 

62.961 

1.0085 

77 

25 

62.711 

0.0045 

95 

35 

62,149 

0.9955 

122 

50 

61.188 

0.9801 

Relerence  7 
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TABLE  13 

SPECIFIC  GRAVITY  |  F  39  F  (4  C)]  OF  ANHYDROUS 
NgH^  AT  TEMPERATURES  ABOVE  122  F 


Temperature 

C  F 

Specific 

Gravity 

50 

122 

0.9828 

60 

140 

0.9730 

70 

158 

0.9675 

80 

176 

0.9575 

90 

194 

0.9473 

100 

212 

0.9405 

no 

230 

0.9320 

TABLE  14 

VAPOR  PRESSURE  OF  ANHYDROUS  NgH^ 


Temperature  Pressure  Temperature  Pressure 


«F 

“C 

psia 

mm  Hg 

'F 

'C 

psia 

mm  Hg 

60.37 

20.21 

0.2011 

10.4 

167.49 

75.27 

3.407 

176.2 

69.08 

20.60 

0.2069 

10.7 

168.82 

76.01 

3.562 

184.2 

74.60 

23.67 

0.2398 

12.4 

185.68 

85.38 

5.240 

271.0 

74.71 

23.73 

0.2436 

12.6 

190.76 

88.20 

5.971 

308.8 

78.84 

26.02 

0.2823 

14.6 

205.57 

96.43 

8.065 

417.1 

83.91 

28.84 

0.2920 

15.1 

214.99 

101.66 

9.711 

502.2 

85.73 

29.85 

0.3539 

18.3 

226.13 

107.85 

11.91 

615.9 

100.20 

37.89 

0.5453 

28.2 

232.39 

111.33 

13.46 

696.3 

109.98 

43.32 

0.7367 

38.1 

237.47 

114.15 

14.70 

760.0 

119.26 

48.48 

0.9727 

50.3 

284.0 

140.0 

33.8^ 

1748.0a 

119.48 

48.60 

0.9823 

50.8 

338.0 

170.0 

73.5a 

3800.0® 

135.34 

57.41 

1.510 

78.1 

150.13 

65.63 

2.204 

114.0 

154.08 

67.82 

2.462 

127.3 

158.07 

70.04 

2.740 

141.7 

a  =  calculated  data. 


Reference  7 
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TABLE  15 

VISCOSITY  OF  ANHYDROUS  N„H, 

2  4 


Temperature 

'F 

‘C 

Visco..ity 

Ib/ft-sec 

centipoises 

32 

0 

0.000883 

1.314 

35.6 

2 

0.0008548 

1.272 

41 

5 

0.0008111 

1.207 

50 

10 

0.0007513 

1.118 

59 

15 

0.0007016 

1.044 

68 

20 

0.0006543 

0.9736 

77 

25 

0.0006081 

0.9049 

122 

50 

0.000439 

0.653 

160 

71 

0.000339 

0.504 

Reference  7 


TABLE  16 


*F 

HEAT  CAPACITY  OF  LIQUID  N„H^ 

2  4 

Temperature  Heat  Capacity,  Cp  (Hq) 

'K  *C  Btu/lb-®F  cal/g  mole 

35.04 

274.85 

1.69 

0.728 

23.29 

44.6 

280.2 

7.0 

0.730 

23.37 

62.6 

290.2 

17.0 

0.735 

23.51 

77.0 

298.2 

25.0 

0.738 

23.62 

80.6 

300.2 

27.0 

0.739 

23.65 

98.6 

310.2 

37.0 

0.744 

23  80 

116.6 

320.2 

47.0 

0.749 

23.96 

134.6 

330.2 

57.0 

0.754 

24.14 

152.6 

340.2 

67.0 

0.761 

24.34 

TABLE  17 
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mately)  precipitate  formation. 

Accordingly,  total  i;as 
volume  and  final  an¬ 
alysis  not  determined. 


TABLK  18 

KFFECT  OF  CONTAMINANTS  ON  PROPELLANT  DECOMPOSITION 
AT  AMBIENT  TEMPERATURE 

Propi-llant  Analysis,  Wt. 

Woiirht  'i  Contaminant  UDMH 


0  Days 

17  Days 

24  Day 

0.6  Aluminum,  6061-T6 

99.8 

97.3 

96.3 

1.3 

99.8 

97.3 

96.4 

1.9 

99.8 

97,6 

97.5 

Blank 

99.8 

98.0 

96.3 

0.8  Stainless  Steel  347 

99.8 

97.2 

96.2 

1.3 

99.8 

98.4 

96.7 

1.9 

99.8 

97.5 

96.7 

Blank 

99.8 

98.0 

96.3 

0.3  Lint 

99.8 

98.8 

95.9 

0.5 

99.8 

97.9 

96.3 

0.8 

99.8 

98.6 

96.9 

Blank 

99.8 

98.0 

96.3 

N2H4 

0.5  Aluminum,  6061-T6 

97.5 

96.8 

94.0 

1.0 

97,5 

96.0 

93.4 

1.5 

97.5 

97.5 

94.3 

Blank 

97.5 

96.2 

93,9 

0.5  Stainless  Steel  347 

97.5 

94.7 

94.5 

1.0 

97.5 

94.9 

94.7 

1.5 

97.5 

94.7 

93.8 

Blank 

97.5 

96.2 

93.9 

0.2  Lint 

97.5 

97.0 

94.3 

0.4 

97.5 

95.7 

93.9 

0.6 

97.5 

96.7 

93.9 

Blank 

97.5 

96.2 

93.9 
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TAni.i:  19 


of  contaminants  on  propfllant 
DFCOM POSITION  AT  KLFVATFI)  TKMPFRATURfJ  (160  F) 

Propellant  Analysis.  Wt.  ' , 
Weight  '<  Contaminant  UDMH 


0  Days 

7  Days 

1.5  Aluminum,  6061 -T6 

100 

97.47 

1.5  Stainless  Sti'el  347 

100 

97.60 

0.5  Lint 

100 

97.60 

Blank 

100 

97.62 

N2H4 

1.5  Aluminum.  6061-T6 

97.8 

97.8 

1.5  Stainless  Steel  347 

97.8 

97.0 

0.5  Lint 

97.8 

07.7 

Blank 

97.8 

97.8 

TABLF  20 

EFFECT  OF  CONTAMINANTS  ON  PROPELLANT  DECOMPOSITION  AT  40  F 

Propellant  Analysis.  N2O4 

Weight  '  Contaminant  0  Days  7  Days  17  Days 

Total  Total  Total 


'  »20 

Solids 

HgO 

Solids 

H20 

Solids 

0.3  Aluminum .  6061 -T6 

0.07 

< 

0.001 

0.06 

- 

0.08 

<  0.001 

0.7 

0.07 

< 

0.001 

0.07 

- 

0.07 

<  0.001 

1.0 

0.07 

< 

0.001 

0.07 

- 

0.07 

<  0.001 

Blank 

0.07 

< 

0.001 

0.07 

- 

0.07 

<  0.001 

0.3  Stainless  Stt'el  347 

0.02 

< 

0.001 

0.03 

- 

0.03 

<  0.001 

0.7 

0.02 

< 

O.OOl 

0.03 

- 

0.03 

<  0.001 

1.0 

0.02 

< 

0.001 

0.03 

- 

0.03 

<  0.001 

Blank 

0.02 

< 

0.001 

0.03 

- 

0.03 

<  0.001 

0.5  Lint 

0.06 

< 

0.001 

0.07 

<  0.001 

Test  Terminated 

at  7  Days 


20  :i 
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TABLE  21 


EFFECT  OF  CONTAMINANTS  ON  PROPELLANT  DECOMPOSITION  AT  70  F 


Weight  '  Contaminant 

Propellant  Analysis, 

N2O4 

0  Days 

7  Days 

'  »20 

Total 

Solids  ' 

'  H2O 

Total 

Solids 

1.0  A1  6061  -  T6 

0.06 

0.000 

0.07 

0.000 

1.0  SS  347 

0.06 

0.000 

0.08 

0.000 

0.5  Lint 

0.06 

0.000 

0 

0.007 

Blank 

0.06 

0.000 

0.06 

0.000 

•Lint  interfered  with  analysis. 

TABLE  22 

SHOCK  SENSITIVITY  TEST  OF  UDMH, 

N2H4.  AND  REFERENCE  MATERIALS 

Material  Tested 

Volume  of  Tube 
After  Firing 
cc 

Volume 

Increase 

cc 

Firin;; 

C 

Temp 

F 

A-Series 

Air 

166 

13 

20 

68 

H2O 

200 

47 

15 

59 

205 

52 

50 

122 

206 

53 

92 

198 

Benzene 

223 

70 

50 

122 

B-Series 

UDMH 

210 

57 

53 

127 

Hydrazine  Hydrate 
(54.5',  N2H^) 

216 

63 

90 

194 

Hydrazine  (98.8'. ) 

220 

67 

90 

194 

Metliyi  Acetylene 

232 

79 

-26 

-15 

Etliylene  Oxide 

318• ** •** 

165 

3 

27 

Nitrometltane 

*** 

*  «  « 

20 

68 

•  Initial  Volume  of  Tube  -  153  ce 

••  Considerai)le  Energy  Release 

•**  Complete  Detonation 
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TABLE  23 

N-H .  DETO  iTION  TESTS 
i  4 


Material 

Reaction 

Temperature 

Pressure 

Rise 

Temperature 

Rise 

Type  of 
Reaction 

99.3%  N2H4 

300-600‘'F 

3000  psia  max. 

Up  to  500"  F 

Detonation 

89%  N2H4 

11% 

400-700" F 

2000  psia  max. 

Up  to  400"  F 

Detonation 

92%  N2H4 

8%  UDMH 

300"  F 

7000  psi 

200°  pressure 

Detonation 

90%  N2H4 

10%  UDMH 

None  to  500"  F 

None 

None 

None 

84%  N2H4 

16%  UDMH 

None  to  500"  F 

None 

None 

None 

79%  N2H4 

21%  UDMH 

365"  F 

500  psi 

80°F 

Very  slow  decomposi 
tion  (0.2  sec) 

72%  N2H4 

28%  UDMH 

None  to  500"  F 

None 

None 

None 

56%  N2H4 

44%  UDMH 

300"  F 

Slight 

100"  F 

Very  slow  decomposi 
tion  (2  to  4  sec) 

30%  N2H4 

70%  UDMH 

None  to  400"  F 

None 

None 

None 

UDMH 

None  to  600"  F 

None 

None 

None 

Reference  19 
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TABLE  24 


TEMPERATURE  LIMITS  TEST  CXJNDITIONS 


Alloy 

Pro|)ollant 

Test  Temp. 

F 

Vajxjr  Press,  psia 
at  Test  Temp. 

6061 

N2H4  20',  ullage 

300 

10 

40 

6061 

N2H4  40',  ullage 

300 

10 

40 

347 

N2H4  20',  ullage 

300 

10 

40 

347 

N2H4  40',  ullage 

300 

10 

40 

PH  15-7  Mo 

N2H4  20',  ullage 

300 

10 

40 

PH  15-7  Mo 

N2H4  40',  ullage 

300 

10 

40 

Ti  (C  120  AV) 

N2H4  20',  ullage 

300 

10 

40 

Ti  (C  120  AV) 

N2H4  40','  ullage 

300 

10 

40 

6061 

UDMH  25',  ullage 

300 

10 

170 

6061 

UDMH  45',  ullage 

300 

10 

170 

347 

UDMH  25',  ullage 

300 

10 

170 

347 

UDMH  45',  ullage 

300 

10 

170 

PH  15-7  Mo 

UDMH  25',  ullage 

300 

10 

170 

PH  15-7  Mo 

UDMH  45'  ,  ullage 

300 

10 

170 

Ti  (C  120  AV) 

UDMH  25',  ullage 

300 

10 

170 

Ti  (C  120  AV) 

UDMH  45',  ullage 

300 

10 

170 

6061 

N2O4  30',  ullage 

270 

10 

864 

347 

N2O4  30' <  ullage 

270 

10 

864 

PH  15-7  Mo 

N2O4  30',  ullage 

270 

10 

864 

Ti  (C  120  AV) 

N2O4  30',  ullage 

270 

10 

864 

AFFTC  TR-60-61 
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TABLE  25 


TEMPERATURE 

LIMITS  - 

ELEVATED  TEMPERATURE  TEST 

-  N2H4  AT  300"  F 

Tank 

6061 -T6  Aluminum 

C  120  A V  Titanium 

PH  15 

-7  Mo  SS 

Time 

Benson  Tank 

Benson  Tank 

Benson  Tank 

T>F 

Psig 

T  F 

Psig 

T°F 

Psig 

0900 

58 

0 

59 

0 

58 

0 

1030 

124 

0 

168 

0 

178 

0 

1130 

194 

0 

219 

0 

228 

0 

1212 

228 

30.4 

295 

49.2 

298 

50 

1213 

- 

- 

- 

- 

Exploded  after 

3  hours  13  minutes 

TABLE  26 

TEMPERATURE  LIMITS  TEST  - 


ANALYSIS  OF  N2H4. 

24-HR,  300 

F  TESTS 

Tank  Material 

Mil. 

Stock 

PH  15-7  Mo  6061 -T6 

C  120  AV  Ti 

Spec. 

Remarks 

Cone.  97.04 

96.30 

97.00 

95.0  Min. 

PH  15-7  Mo  tank  was 
destroyed  -  max  pres¬ 
sure  recorded  was 

50  psig  -  initial  test 

Cone.  97.04 

95.7 

95.22 

95.0  Min. 

PH  15-7  Mo  was  not 
used  -  second  test 
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TEMPERATURE  LIMITS  TJ^ST 
UDMH  TESTS  AT  300"  F  ;  10  F 


250  282  220  279  170  282  175  279  203  279  183  272  150  282  180  Test  termin¬ 

ated  on  93rd 


TABLE  28 


TEMPERATURE  LIMITS  TEST  - 
UDMH  ANALYSES  FOR  300° F  )10°F 


Analysis  of  Stock  at  0  Days 


Sample 

Purchase  Specification 

Distillation  Range 

10%  Point 

144.6“  F 

143rF  (min) 

90%  Point 

146.6“  F 

148”F  (max) 

Specific  Gravity  77‘‘F/39"F 

0.785 

0.783  -  0.786 

UDMH  Content 

99.99% 

98%  (min) 

Melting  Point 

-71“F 

-70”F  (max) 

Water  Content 

0.08% 

0.3%  (max) 

Tank  Analyses  at  28  Days 

Tank  Material 

Ullage 

Melting  Point  Water  Content* 

15-7  PH  Stainless  Steel 

25% 

O 

O 

1 

F  0.3% 

15-7  PH  Stainless  Steel 

45% 

-75.5“ 

F  0.3% 

6A1-4V  Titanium 

25% 

-71.5“ 

F  0.3% 

6A1-4V  Titanium 

45% 

-74.0“ 

F  0.1% 

347  Stainless  Steel 

25% 

-74.0“ 

F  0.4% 

347  Stainless  Steel 

45% 

-75.0” 

F  0.2% 

6061-T6  Aluminum 

25% 

-72.0” 

F  0.2% 

6061-T6  Aluminum 

45^1 

1 

b 

0 

F  0.3% 

♦By  Spectral  Analysis  in  Near  Infrared 
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table:  30 


TEMPKKATUHK  LIMITS  I’L.ST  -  N20^  TESTS  AT  270"F  •lO'^F 


Elapsc'd 

Tinu' 

Days 

PH  15-7  Mo  SS 

F  psitv 

347  SS 

F 

psiji 

6001 

F 

-T6  A1 

psiK 

Remarks 

5 

279 

640 

276 

620 

272 

580 

Test  10  February  1960 
Initial  Ullage  30'< 

9 

277 

810 

271 

720 

265 

670 

Tests  Shut  Down  for  Week 
End 

16 

271 

800 

268 

700 

267 

690 

Tests  Shut  Down  for  Week 
End 

23 

279 

830 

273 

740 

261 

630 

Tests  Shut  Down  for  Week 
End 

30 

277 

810 

271 

700 

263 

645 

Tests  Shut  Down  for  Week 
End 

37 

273 

805 

267 

680 

264 

680 

Tests  Shut  Down  for  Week 
End 

44 

275 

820 

269 

710 

265 

670 

Tests  Shut  Down  for  Week 
End 

51 

274 

810 

269 

710 

264 

680 

Tests  Shut  Down  for  Week 
End 

58 

274 

800 

270 

730 

264 

680 

Tests  Shut  Down  for  Week 
End 

65 

273 

800 

270 

710 

263 

670 

Tests  Shut  Down  for  Week 
End 

72 

273 

800 

270 

710 

262 

670 

Tests  Shut  Down  for  Week 
End 

79 

273 

800 

273 

720 

263 

670 

Tests  Shut  Down  for  Week 
End 

89 

TABLE  31 

Tests  Completed 

TEMPERATURE 

UMITS  TEST  - 

-  ANALYSIS  FO 

‘70“F  TESTS 

Procurement  Spec. 

Concentration 
99.5  \vt.  '  Min 

0. 

H2O 

1  wt.  Ma.\ 

Non-Vt  i.itile  Comments 

0.01  wt  Max 

0  Days 

99.7 

0.01 

1 

89th  Day 

6061 -T4  Tank 

99.7 

0.07 

01 

PH  15-7 

Mo  Tank 

99.7 

0.04 

1 

347  SS  Tank 

99.5 

0.01 

0. 

C  120  AV  Ti.  Tank 

- 

0.07 

After  one  day 

Zll 
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TEMPERATURE  LIMITS  TEST 


cn 
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CA 

="  5 

U 

c3 

CA  CO 

Q* 

a> 

c 

u 

5  1a 

b 

S  "S 

£ 

c 

■8 

0^  *0  M 
3  O  >» 


So 


*0 

Q. 

CA 
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C 

o 

CS 
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“O 

o 

u 
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.Sf 

a> 

r* 

c 
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"Z 

o  p 

h. 

u 

A 
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o 

A  f: 
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0/ 

X 

O 
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H" 

u 

s  ^ 
C  g 
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Q  X 
Z 

3  z 
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o 
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Test  completed  -  fuel  left  in  tanks  until 
after  vacation  period  (2  weeks).  Samples 
then  taken  for  analysis 


TABLE  33 


TEMPERATURE  LIMITS  TEST  - 
FUEL  ANALYSIS  FOR  -65  F  TESTS 


UOMH  N2H4 


Distillation  Range  "’F 

0  Days 

Specification 

0  Days 

Specification 

10' f  Point 

144.8 

143  F  min. 

- 

- 

90'(  Point 

146.8 

148  F  max. 

- 

- 

Density  gm/cc 

0.785 

0.783/0.786 

- 

- 

Concentration,  wt  '< 

- 

98.0  min. 

96.28 

95.0  min. 

Melting  Point,  F 

- 

-70  F  max 

- 

- 

Water  Content,  wt  '< 

0.11 

0.3  max 

- 

- 

UDMH  ANALYSIS  AFTER  LOW  TEMPERATURE  TEST 

Tank  Material 

PH  15-7  Mo 

347  SS 

6061 -T6 

C  120  AVTi 

Distillation  Range  F 

10'(  Point 

144.7 

144.7 

144.7 

144.7 

90' t  Point 

146.5 

146.5 

146.9 

146.5 

Density  gm/cc 

0.784 

0.784 

0.784 

0.784 

Concentration,  wt  'i 

- 

- 

- 

- 

Melting  Point.  F 

- 

- 

- 

- 

Water  Content,  wt  '7 

0.07 

0.07 

0.13 

0,07 

N2H4  ANALYSIS  AFTER  LOW  TEMPERATURE  TEST 

Tank  Material 

347  SS 

6061 -T6 

PH  15-7  Mo 

C  120  AV  Ti 

Concentration,  wt  '< 

96.20 

96.28 

96.30 

96.20 

Density  gm/cc 

1.007 

1.007 

1.008 

1.008 

TABLE  34 


TEMPERATURE  LIMITS  TESTS  - 
N2O4  ANALYSIS  FOR  -20  F  TESTS 

Specification  0  Days 

6061 -T6 


N2O4  Concentration,  Wt. 
Chloride  Content  as  NOCl.  Wt. 
Water  Content,  Wt. 

Non  Volatile,  Wt.  '< 


99.50  (Min.)  99.7 
0.08  (Max.) 

0.10  (Max.)  0.08 
0.01  (Max.)  <  0.001 


.16 

<  0.001 


30  Days 

347  SS  PH  15-7  Mo  SS 


.15  .15 

<  0.001  <  0.001 
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TABLE  35 


TEMPERATURE  CYCLE  TESTS  WITH  N2H4 
(Rant'int;  from  -100  F  to  300“  F) 

347  Stainless  Steel  6061 -T6  Aluminum  C  120  AV  Titanium 


Elapsed 

Time 

Days 

20', 

“F 

Ullage 

psig 

40'’, ■ 

°F 

Ullage 

psig 

20', 

F 

Ullage 

psig 

40',’ 

F 

Ullage 

psig 

20'; 

“F 

Ullage 

psig 

40',; 

“F 

Ullage 

psig 

0 

-43 

0 

-49 

0 

0 

0 

-56 

0 

-34 

0 

-36 

0 

3 

277 

40 

299 

57 

298 

42 

291 

40 

289 

52 

270 

38 

6 

-38 

0 

-42 

0 

-38 

0 

-43 

0 

-39 

0 

-37 

0 

12 

309 

56 

292 

51 

309 

51 

302 

55 

301 

61 

298 

50 

17 

-82 

0 

-81 

0 

-81 

0 

-81 

0 

-80 

0 

-80 

0 

21 

288 

53 

302 

52 

302 

47 

295 

55 

295 

58 

288 

45 

25 

-64 

0 

-70 

0 

-17 

0 

-39 

0 

-42 

0 

-42 

0 

27 

-80 

0 

-58 

0 

-70 

0 

-20 

0 

-83 

0 

-125 

0 

28 

306 

59 

295 

54 

306 

43 

299 

56 

288 

45 

299 

65 

31 

-67 

0 

-44 

0 

-38 

0 

-105 

0 

-42 

0 

-30 

0 

32 

292 

56 

302 

61 

302 

54 

299 

52 

299 

60 

288 

51 

35 

-67 

0 

-81 

0 

-64 

0 

-76 

0 

-64 

0 

-53 

0 

38 

273 

50 

299 

63 

306 

56 

292 

60 

273 

58 

288 

57 

41* 

1 

00 

0 

0 

1 

0 

0 

-60 

0 

-70 

0 

-70 

0 

-50 

0 

•  Test  Complete 


TABLE  36 

ANALYSIS  OF  FROM  TEMPERATURE  CYCLE  TESTS 

347  Stainless  Steel  6061 -T6  Aluminum  C  120  AV  Titanium 
Specification  20'^,  Ull.  40',  Ull.  20'^,'  Ull.  40',  Ull.  20',’  Ull.  40',’  Ull. 

0  Days  6  Weeks  6  Weeks  6  Weeks 

N2H^  Cone. 

'  by  weight  95.0  97.0  96.8  96.9  96.4  96.9  96.1  96.5 

Sp.  Or.  1.004  1.006  1.0069  1.0063  1.0070  1.0065  1.0064  1.0050 

.002 
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TABLE  37 
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Tests  terminated 


TABLE  38 


UDMH  ANALYSES  FOR  TEMPERATURE  CYCLE  TESTS 


Analysis  of  Stock  at  0  Days 

Sample 

Purchase  Specification 

Distillation  Range 

10%  Point 

144.6  “F 

143°F  (min) 

90%  Point 

146.6  “F 

148°F  (max) 

Specific  Gravity  77‘F/39”F 

0.785 

0.783  -  0.786 

UDMH  Content 

99.99% 

98%  (min) 

Melting  Point 

-71'’F 

-70°F  (max) 

Water  Content 

0.08% 

0.3%  (max) 

Tank  Analyses  at  28  Days 

Tank  Material 

Ullage 

Melting  Point  Water  Content* 

PH  15-7  Mo  Stainless  Steel 

25% 

-72.5° 

F  0.3% 

PH  15-7  Mo  Stainless  Steel 

45% 

-72.0° 

F  0.2% 

6A1-4V  Titanium 

25% 

-72.5° 

F  0.1% 

6A1-4V  Titanium 

45% 

-72.0° 

F  0.3% 

347  Stainless  Steel 

25% 

1 

p 

b 

o 

F  0.3% 

347  Stainless  Steel 

45% 

-72.0°: 

F  0.4% 

6061-T6  Aluminum 

25% 

-71.0°: 

F  0.3% 

6061-T6  Aluminum 

45% 

-72.0°: 

F  0.4% 

*By  Spectral  Analysis  in  Near  Infrared 
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TABLE  40 


TEMPERATURE  CYCLE  TESTS  WITH  N2O4  AT  30',  ULLAGE 
(Ran(;in('  from  -20  to  270  F) 


Elapsed 

Time 

PH  15-7  Mo  Stainless  Steel 

347  Stainless  Steel 

6061 -T6  Aluminum 

Days 

F 

psig 

F 

psiK 

F 

psig 

1 

246 

480 

246 

490 

243 

460 

6 

0 

0 

-1 

0 

0 

0 

7 

266 

620 

269 

640 

259 

580 

10 

18 

0 

21 

0 

17 

0 

17 

273 

700 

273 

690 

269 

690 

23 

-17 

0 

-14 

0 

-15 

0 

24 

253 

530 

251 

490 

243 

480 

28 

-23 

0 

-29 

0 

-27 

0 

29 

266 

650 

278 

580 

260 

600 

34 

-42 

0 

-49 

0 

-12 

0 

37 

286 

800 

786 

720 

285 

850 

38 

-23 

0 

-23 

0 

-20 

0 

41 

277 

765 

277 

740 

270 

725 

42* 

-26 

0 

-36 

30 

-25 

0 

*  Test  Tei'minated 


TABLE  41 

N2O4  ANALYSIS  FOR  -20  TO  270  F  TESTS 


Concentration 

H2O 

Non  Volatile 

Procurement  Spec. 

99.5  min. 

0.1  max. 

0.01  ma.\. 

0  Days 

99.7 

0.01 

<0.01 

Si.\  Weeks 

PH  15-7  Mo  Tank 

99.7 

0.05 

0.003 

347  SS  Tank 

99.6 

0.09 

<,0.001 

C  120  AV  Ti.  Tank 

99.7 

0.05 

0.002 
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TABLE  42 


TEMPERATURE  LIMITS  TEST  - 
N2O4  AT  90  F  TO  150  F  IN  TITANIUM  TANK  (C  120  AV) 


Day 

F 

Psig 

Remarks 

0 

Tank  was  filled  to  50',  ullage,  heating  started. 

0 

151 

82.3 

1 

96 

13.4 

1 

123 

37.0 

Week  End 

4 

91 

2.1 

4 

119 

78.2 

5 

98 

32.8 

5 

109 

12.3 

6 

93 

61.6 

6 

108 

41.1 

7 

111 

38.0 

7 

132 

155.2 

Taber  Malfunctioned 

8 

60 

Pressure  Pick  Up  Discontinued 

25 

126 

During  two  weeks  shutdown  ~  c.xiJosed  to  outdoor  temperatures 
(100  to  65  F) 

26 

108 

27 

96 

27 

120 

Test  Complete 

28 

105 

Dropi)ed  50  lb.  from  height  of  2  feet,  No  Explosion,  Disconnected  Tank, 

Unloaded  N2O4.  Inspected  inside  of  tank  -  no  corrosion  or  deposit 
formation  detected. 


TABLE  43 

TEMPERATURE  LIMITS  TEST  -  ANALYSIS  OF 
N2O4  90  F  TO  150  F  FROM  TITANIUM  TANK 


Composition  Wt. 

Sample 

Before  After 

Vendor 

Specification 

N2O4 

99.5 

99.5 

99.5  min. 

K2O  Equivalent 

0.04 

0.05 

0.1  max. 

Non-Volatile  (Ash) 

0.002 

0.002 

0.01  max. 

AFFTC  TR-60-61 

219 

TABLE  44 


LITERATURE  SURVEY  -  COMPATIBILITY  OF 
VARIOUS  METALS  WITH  N2O4 


Metal  Temp.,  F 

Pure  Aluminum  Room 

2024  Aluminum  140 

2024  Aluminum 

4043  Aluminum  Room 

5052  Aluminum  140 

6061  Aluminum  130 

356  Aluminum 

8630  Steel  140 

C1020  Steel  130 

Carpenter  16-25-6 

303  Stainless  Steel  77 

304  Stainless  Steel  140 

347  Stainless  Steel  130 

400  Stainless  Steel 

Tin  77 

Titanium  6Al  -  4V  (C120AV)  160 

Monel  -  "K"  M<jMel  77 

"K"  Monel 

Inconel  Room 

Stellite  21  Room 

Hastelloys  Room 

Cast  Iron  Room 

Nickel  Room 

Nickel 
Cadmium 

7075  Aluminum  160 

(Specimen  in  Teflon  Vessel) 

Brass  Room 

Bronze  Room 


Corrosion, 

mpy 

Remarks 

Reference 

- 

Satisfactory 

23 

0.9 

Satisfactory 

23,25 

- 

Unsatisfactory 

68 

- 

Satisfactory 

23 

5  (0.5',  H2O) 

Satisfactory 

23,25 

0.3 

Satisfactory 

23,25 

- 

Satisfactory 

68 

0.04 

Satisfactory 

25 

0.6 

Satisfactory 

23,25 

- 

Satisfactory 

29 

<0.2 

Satisfactory 

23 

0.04 

Satisfactory 

25 

0 

Satisfactory 

23,25 

- 

Satisfactory 

29 

1.0 

Satisfactory 

23 

0.1 

Satisfactory 

23 

2.0 

Satisfactory 

9,23 

- 

Unsatisfactory 

68 

- 

Satisfactory 

29 

- 

Satisfactory 

29 

- 

Satisfactory 

29 

1.0 

Satisfactory 

25 

- 

Satisfactory 

9 

- 

Unsatisfactory 

G8 

- 

Unsatisfactory 

68 

22 

Unsatisfactory 

23 

- 

Unsatisfactory 

23.25 

. 

Unsatisfactory 

23.25 
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TABLE  44  (CONT) 


Corrosion, 


Metal 

Temp.,  'F 

mpy  Remarks 

Reference 

Zinc 

Room 

Unsatisfactory 

23,25 

Copper 

Room 

Short-term 

23,25 

service 

Lead 

Room 

Short-term 

23,25 

service 

17-7  PH  Stainless  Steel 

Room 

Short-term 

23 

service 

17-7  PH  Stainless  Steel 

- 

Satisfactory 

68 

410  Stainless  Steel 

Room 

Short-term 

23 

service 

Inconel  X 

- 

Satisfactory 

68 

Chrome  Plating 

- 

Satisfactory 
(if  no  pinholes) 

68 

Nickel  (Electroless) 

- 

-  Unsatisfactory 

68 

Silver 

- 

Unsatisfactory 

68 

TABLE  45 

UTERATURE  SURVEY  - 

COMPATIBILITY  OF  VARIOUS  PLASTICS  AND  ELASTOMERS  WITH  N2O4 

Material 

Temp. 

"F 

Remarks  Reference 

Teflon  lOOX  (FEP) 

160 

General  service 

25. 

26 

Teflon  1  (TFE) 

160 

As  2nd  choice  over 

26 

Kel-F  (Unplasttcized) 

160 

Sl.o.t-term  service 

26 

Polyethylene 

Room 

Short-term  service 

25 

Koroseal 

Room 

Short-term  service 

25 

Saran 

Room 

Short-term  service 

25 

SUastic  LS-53 

Room 

Short-term  service 

27 

Flourel  MMM 

Room 

Short-term  service 

30 

Tygon 

Room 

Short-term  service 

25 

Genetron  VK-240 

Room 

Not  recommended 

26 

GR-S  Co-polymers 

Room 

Not  recommended 

27 
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TABLE  45  (CONT) 
Temp. 


Material 

“F 

Remarks 

References 

Buna  N  Rubber 

Room 

Not  recommended 

27 

Thlokol 3000ST 

Room 

Not  recommended 

27 

Kel-F  Elastomers 

Room 

Not  recommended 

27 

Vlton  A 

Room 

Not  recommended 

27 

Neoprene  W 

Room 

Not  recommended 

27 

Hypalon  20 

Room 

Not  recommended 

27 

Adlprene  C 

Room 

Not  recommended 

27 

Butyl,  Poly  (Isobutylene) 

Enjay  82521 

Room 

Not  recommended 

27 

Enjay  85250 

Room 

Not  recommended 

27 

Silastic  S-0711,  651, 

80, S-2097U 

Room 

Not  recommended 

27 

Poly  FBA-1F4  Fluorobutyl 
Acrylate  Elastomer 

Room 

Not  recommended 

27 

U.S.  RubI  ?r  20995 

Room 

Not  recommended 

25 

Mylar 

Room 

Not  recommended 

31 

Polypropylene 

Room 

Not  recommended 

22 

Nylon 

Room 

Not  recommended 

25 

Vlton  B 

Room 

Short-term  service 

73 

TABLE  46 

LITERATURE  SURVEY  -  COMPATIBILITY  OF  VARIOUS  LUBRICANTS, 
SEALANTS,  AND  GASKETS  WITH  N2O4 


Material 

Use 

Rema  rks 

Reference 

Fluorolube 

Lubricant 

Short-term  service 

29 

Nordcoseal  147S 

Lubricant 

Short-term  service 

29 

Nordcoseal  234S 

Lubricant 

Short-term  service 

28 

Oxyseal  NA-20313 

Thread  Sealant 

Short-term  service 

29 

Molykote  Z 

Lubricant 

Short-term  service 

24 

Molykote  Z 
(without  binder) 

Lubricant 

Satisfactory 

68 

Hercules  Acid-Proof 
Grease 

Lubricant 

Short-term  service 

29 
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TABLE  46  (CONT) 


Material 

Use 

Remarks 

Reference 

Fluorthene  G 

Lubricant 

Short-term  service 

21 

APS-C  4.06 

Lubricant 

Short-term  service 

21 

Teflon  Tape 

Thread  Sealant 

Short-term  service 

32 

Teflon  Impregnated 
Asbestos 

Packing 

Short-term  service 

28 

Johns- Manvllle 

Service  No.  60 

Gasket  (Asbestos- 
graphite) 

Short-term  service 

28 

Johns- Manvllle 

Service  No.  60 

Gasket  (Asbestos- 
graphite) 

Not  recommended 

68 

Johns-Manville 

Service  No.  76 

Gasket 

Not  recommended 

68 

DC-11 

Lubricant 

Short-term  service 

22 

DC- 11 

Lubricant 

Satisfactory 

68 

DC- 55 

Lubricant 

Unsatisfactory 

68 

AN  6246  Leather 

Gasket 

Not  recommended 

68 

Graphite 

Lubricant 

Satisfactory 

68 

NA2-20502 

Lubricant 

Satisfactory 

68 

Oxylube 

"jubricant 

Unsatisfactory 

68 

TABLE  47 

LITERATURE  SURVEY  - 

COMPATIBILITY  OF  VARIOUS  METALS  WITH  UDMH 

Metal 

Temp., 

°F  Remarks 

Reference 

1100  Aluminum 

160 

General  service 

8,35 

3003 

86 

<0.1  mpy 

69 

2017 

160 

Use  with  caution 

8,35 

2024 

160 

Controversy 

8,35,69 

5052 

160 

General  service 

8,35 

6061 

160 

General  service 

8,35 

7075 

160 

Controversy 

8,35,69 

356 

160 

General  service 

8,35 
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TABLE  47  (CONT) 


MeUl 

Temp.,  “F 

Remarks 

Reference 

5086 

86 

<0.1  mpy 

69 

2024T3-iridite  coated 

86 

<0.1  mpy 

69 

Brass  Bronze 

160 

Short-term  service 

34 

Copper 

- 

Unsatisfactory 

23,65 

AZ31B  Magnesium 

130 

Satisfactory  in  Anhydrous  UDMH 

8,67 

AZ61A  Magnesium 

130 

Satisiactory  in  Anhydrous  UOMK 

8,67 

AZ91C  Magnesium 

130 

Satisfaciory  in  Anhydrous  UDMH 

8,67 

AZ92A  Magnesium 

130 

Satisfactory  in  Anhydrous  UDMH 

8,67 

ZK60A  Magnesium 

130 

Satisfactory  in  Anhydrous  UDMH 

8,67 

Mild  Steel 

140 

Satisfactory  with  N2  blanket  over 
UDMH 

34,65 

302  SS 

160 

General  service 

34,35,65 

303  SS 

160 

General  service 

34,35,65 

304  SS 

160 

General  service 

34,35,65 

316  SS 

160 

Controversy 

34,35,65,69,71 

321  SS 

160 

General  service 

34,35,65 

347  SS 

160 

General  service 

34,35,65 

416  SS 

250 

General  service 

35 

PH  15-7  Mo 

86 

<0.1  mpy 

69 

17-7  PH 

86 

<0.1  mpy 

69 

Dow  Metal 

140 

General  service 

34 

Inconel 

140 

General  service 

34 

Nickel 

140 

General  service 

35 

TiUnium  AllO-AT 

130 

General  service 

67 

TiUnium  C  120  AV 

146 

<0.1  mpy 

69 

Cadmium 

- 

Unsatisfactory 

23,34,35 

Hastelloy  C 

- 

Controversy 

23,34,35,69 

Monel 

- 

Controversy 

23,34,35 

Zinc 

- 

Not  recommended 

65 

Molybdenum  (pellet) 

86 

1.2  mpy  corrosion  rate 

69 
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TABLE  48 

UTERATURE  SURVEY  - 

COMPATIBILITY  OF  VARIOUS  PLASTICS  AND  ELASTOMERS  WITH  UDMH 

Temp 


Material 

»F 

Remarks 

Reference 

Gar  lock  Gasket  No.  900 

Room 

Short-term  service 

35,  37,  38 

Haveg  60 

Room 

Short-term  service 

35,  37,  38 

Mylar  Film  No.  7S0A 

Room 

Short-term  service 

35,  37,  38 

l^lon 

Room 

Short-term  service 

35,  37,  38 

Polyethylene,  Type  III, 

(high  density) 

Room 

Short-term  service 

35,  37,  38 

Butyl  Rubber  of  many 
compounds 

Room 

Short-term  service 

35,  37,  38 

Acid  Seal  Rubber  No.  83123 

Room 

Short-term  service 

35 

Adiprene  B  Nol  1156  and 

No.  1157  (an  Isocyanate 
polyester) 

Room 

Unsatisfactory 

35 

Chemigum  N-6,  Uncured 
(butadiene  copolymer) 

Room 

Unsatisfactory 

35 

Chemigum  SL  (Isocyanate 
polyester) 

Room 

Unsatisfactory 

35 

Dapon  G-81(Dlallyl 
phathalat^ 

Room 

Unsatisfactory 

35 

DuVerre  22  (polyester 
fiberglass) 

Room 

Unsatisfactory 

35 

Fluororubber  1F4  (Fluor  1- 
nated  synthetic  rubber) 

Room 

Short-term  service 

35 

Garlock  (Red  22  Rubber) 

Room 

Short-term  service 

35 

Haveg  30,  41  (phenolic 
asbestos) 

Room 

Unsatisfactory 

35 

Kel-F,  Plasticized 

(chlorotrifluorethylene) 

Room 

Unsatisfactory 

35 

Kel-F  Elastomer  No.  3700 

Room 

Unsatisfactory 

35 

Linear  "0"  Ring  No.  1820-13 
(Kel-F  compound) 

Room 

Unsatisfactory 

35 

Kel-F  Elastomer  No.  5500 

Room 

Unsatisfactory 

69 

Hydropol-T 

86 

Recommended 

69 

(Phillips  Petroleum) 
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c 


Material 

TABLE  48 

Temp 

•f 

(CONT) 

Remarks 

Reference 

Melbestos  (fiberous 

Room 

Unsatisfactory 

35 

asbeatoa) 

Neoprene  (chloroprene 

Room 

Short-term  service 

35 

rubber),  neoprene 

G91  (white) 

Phloflex  1006,  uncured 
(Butadiene  styrene) 

Rigid  high  Impact  pipe 

Room 

Unsatisfactory 

35 

Room 

Unsatisfactory 

35 

(acrylonltr  lie  -  styrene) 

Buna  N  Ruboer 

Room 

Unsatisfactory 

35 

Saran  (vinyl  chlorlde- 

Room 

Unsatisfactory 

35 

vlnylldene  copolymer) 

Silastic  7180  (silicone 

Room 

Unsatisfactory 

35 

rubber  compound) 

Silicone  Rubber  (poly- 

Roome 

Unsatisfactory 

35 

sUoxane) 

M.  W.  KeUog  Co.  X-300 

Room 

Unsatisfactory 

35 

Rubber 

Tygon  TViblng  (vinyl 

Room 

Unsatisfactory 

35 

chloride  acetate  co¬ 
polymer) 

Uscollte 

Room 

Unsatisfactory 

35 

Vlton  A  (vlnylldene 

Room 

Unsatisfactory 

35 

fluoride,  perfluoro- 
propylene  copolymer) 

Thlc^ol  3000ST 

Room 

Unsatisfactory 

35 

DC  Iil-63  (fluorosillcon 

Room 

Unsatisfactory 

22 

rubber) 

Silicone  LS-53 

86 

Unsatisfactory 

60 

Vlton  A  -  9653 

Room 

Unsatisfactory 

69 

247M 

Room 

Unsatisfactory 

69 

44-11 

Room 

Unsatisfactory 

69 
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TABLE  49 

LITERATURE  SURVEY  - 

COMPATIBILITY  OF  VARIOUS  LUBRICANTS  WITH  SEALS  WITH  UDMH 


Temp 


Material 

•f 

Remarks 

Reference 

Calvacene,  Stopcock  Grease 

- 

Unsatisfactory 

34,  39,  40,  41 

Fluorolube 

- 

Unsatisfactory 

34,  39,  40,  41 

Socony-Mobile,  General  Purpose 
Grease,  BRB  No.  1 

- 

Unsatisfactory 

34,  39,  40,  41 

Mil  1010,  Grease 

- 

Unsatisfactory 

34,  39,  40,  41 

Mil  7808C,  OU 

- 

Unsatisfactory 

34,  39,  40,  41 

Motor  Oil,  20  W 

- 

Unsatisfactory 

34,  39,  40,  41 

Molykote,  Molybdenum  Disulfide 

- 

Unsatisfactory 

34,  39,  40,  41 

Nonag,  Stopcock  Grease 

- 

Unsatisfactory 

34,  39,  40,  41 

Nordcoseal  24 

- 

Unsatisfactory 

34,  39,  40,  41 

Parkerlube 

- 

Unsatisfactory 

34,  39,  40,  41 

Paraline  12-4 

- 

Unsatisfactory 

34,  39,  40,  41 

Silicone  Stopcock  Grease 

- 

Unsatisfactory 

34,  39,  40,  41 

Silicone  Greases,  DC  33  and  DC  44 

- 

Unsatisfactory 

34,  39,  40,  41 

Rockwell  Nordstrom  No.  555 

- 

Unsatisfactory 

34,  39,  40,  41 

Apiezon  L/Graphite  (50/50  mixture) 

Room 

Satisfactory 

36 

U'lM  Lube*/Electro  Mechanics 

No.  20057  (50/50  mUture) 

0°F-Room 

Satisfactory 

36 

Delanlum  (graphite  with  a  plastic 
binder) 

Room 

Satisfactory 

36 

Insoluble  Pump  and  Packing 
Lubricant,  Crane  Co. 

Room 

Satisfactory 

34 

Garlock  No.  5210,  Asbestos/ 

Graphite  Packing 

Room 

Satisfactory 

34 

Q-Seal  Pipe  Dope  (Quigley  Co.) 

Room 

Satisfactory 

34 

White  Lead  Pipe  Dope  (Dutch  Boy) 

Room 

Satisfactory 

34 

Apiezon  L 

Room 

Limited  service 

69 

Lubriseal  (Arthur  H.  Thomas) 

Room 

Limited  service 

69 

Nordcoseal  147 

Room 

Limited  service 

69 

DCll 

Room 

Unsatisfactory 

69 

Supcrlube  Inc.,  Cleveland  Ohio 
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Stellite  21  75  2.8  66.0  -  43  No  evidence  at  corronlon. 

Tantalum  70-75  331  97.5  -  48  No  efiect  on  aample,  no  alcntflcaot  of 
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TABLE  51 

LITERATURE  SURVEY 


COMPATIBILITY  OF  VARIOUS  PLASTICS  AND  ELASTOMERS  WITH  N2H4 


Material 

Temp.  *  F 

Remarks 

Ref. 

Acadia  ’O"  Ring 

- 

Unsatisfactory 

49 

Plactlcized  Kel-F 

- 

Unsatisfactory 

45 

Natural  Rubber 

- 

Unsatisfactory 

45 

Rubber  Hoee  AN-H-35 

- 

Unsatisfactory 

45 

Rubber  Hose  AN-884 

- 

Unsatisfactory 

45 

Polyvinyl  Chloride 

- 

Unsatisfactory 

48 

Rubber  Hose,  Netco  No.  1009  Hyflex 

- 

Unsatisfactory 

45 

Saran 

- 

Unsatisfactory 

48 

Vermlculite  (Insulating  asbestos) 

- 

Unsatisfactory 

50 

Tefsllon  Cable  No.  506 

- 

Unsatisfactory 

45 

Koroseal 

- 

Unsatisfactory 

43 

Polyvinyl  Alcohol 

- 

Unsatisfactory 

48 

Asbestos  (Pyroid  &  Vellumoid) 

ambient 

Short-term  service 

44,  48 

Hycar 

75 

Short-term  service 

43 

Kel-F  (ui4)lasticlzed) 

ambient 

Short-term  service 

45 

Lithcote 

ambient 

Short-term  service 

51 

Lucite 

ambient 

Short-term  service 

44 

Lucoflex 

ambient 

Short-term  service 

45 

Neoprene 

ambient 

Short-term  service 

45 

Nukaat  (Resin  bonded  graphite) 

160 

Short-term  service 

45 

Nylon 

(hydrazine  hydrate) 
ambient 

Short-term  service 

37,  48 

Plexiglass 

ambient 

Short-term  service 

52 

Polystyrene 

ambient 

Short-term  service 

48 

Rubber  Hose,  AN-H-29 

130 

Short-term  service 

45 

Silastic  167 

ambient 

Short-term  service 

43 

Trithene,  IVpe  B  (Visking  Corp.) 

ambient 

Short-term  service 

45 

Tygon 

ambient 

Short-term  service 

45,  48 

U.S.  Rubber,  L7825 

ambient 

Short-term  service 

43 

U.S.  Rubber,  M20995 

ambient 

Short-term  service 

43 

Vlnylite  (UU  1940) 

ambient 

Short-term  service 

45 

Wire  Insulations 

ambient 

Short-term  service 

45 

Irvolitti  (vinyl  chloride) 

ambient 

Short-term  service 

45 

Suprenant  Wire  B2W2 

ambient 

Short-term  service 

45 

Neolay  (Latex  w/nylon  coating) 

ambient 

Short-term  service 

45 

Latex  w/thermoplastic  coating 

ambient 

Short-term  service 

45 

Opaque  Wire  (S9318B-20) 

ambient 

Short-term  service 

45 

Hydrogenated  Polybutadiene 

ambient 

Short-term  service 

38 

Compounds  No.  3311,  No.  *129, 
No.  3246 

Polyethylene 

160 

Satisfactory 

44,  45 

Teflon 

160 

Satisfactory 

43,  44 
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TABLE  51  (CONT) 


Material 

Temp.  F 

Remarks 

Ref. 

Neoprene 

- 

Unsatisfactory 

68 

Mylar 

- 

Unsatisfactory 

68 

Viton  A 

- 

Unsatisfactory 

68 

LS-53 

- 

Unsatisfactory 

68 

Buna-N 

- 

Unsatisfactory 

68 

Kel-F  5500 

- 

Unsatisfactory 

68 

Fluorolube 

- 

Unsatisfactory 

68 

TABLE  52 

LITERATURE  SURVEY  - 

COMPATIBILITY  OF  VARIOUS  LUBRICANTS  WITH  N2H4 


Material 

Temp.  *F 

Remarks 

Ref. 

D.C.  33 

Ambient 

Short-term  service 

53 

D.C.  11 

Ambient 

Short-term  service 

53 

Nordcoseal  147 

Ambient 

Short-term  service 

54 

Nordcoseal  241 

Ambient 

Short-term  service 

40 

Silicone  Fluid  (D.C.  710) 

Ambient 

Short-term  service 

43 

Varnaton  (Varnaton  Manufacturing  Co.) 

- 

Acceptable 

59 

AN-C-58  (Socony- Vacuum) 

- 

Acceptable 

59 

Oxyseal  (Parker  Appliance  Company) 

- 

Acceptable 

59 

Thread-Tite  (Armite  Laboratories) 

- 

AcceptaUe 

59 

O.C.  200  Series 

- 

Acceptable 

59 

D.C.  550 

- 

Acceptable 

59 

D.C.  710 

- 

Acceptable 

59 

Graphite 

- 

Acceptable 

68 

Sinclair  L743  (MIL-L-2S336) 

- 

Acceptable 

68 

NA2-20502 

Acceptable 

68 
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TABLE  53 

SUMMARY  OF  TESTS  ACCOMPLISHED  UNDER  SUBJECT  CONTRACT 


A’^FT 


UDMH 

N2H4 

N204 

Material 

at  140’F 

at  140° 

F  at  200° F 

60  f5 

1100  Aluminum 

X 

2014  Aluminum 

X 

X 

2024  Aluminum 

X 

5052  Aluminum 

X 

5456  Aluminum 

X 

X 

X 

6061  Aluminum 

X 

7075  Aluminum 

X 

X 

356  Aluminum 

X 

AMIOOA  Magnesium 

X 

X 

X 

AZ31C  Magnesium 

X 

17-7  PH  SS 

X 

X 

X 

304  SS 

X 

X 

316  SS 

X 

X 

321  SS 

X 

347  SS 

X 

X 

416  SS 

X 

X 

X 

AllOAT  Titanium 

X 

X 

C120AV  TiUnium 

X 

Monel 

X 

X 

K- Monel 

X 

X 

Inconel 

X 

X 

X 

A- Nickel 

X 

X 

Haynes  Stellite  6K 

X 

Tantalum 

X 

X 
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TABLE  53  (CONT) 


Material 

UDMH 

at  75°F  at  140  F 

at  75' 

N2H4 

F  at  140"F 

N2O4  at 
60  fS'F 

Teflon  TFE 

,  X 

X 

Teflon  FEP 

X 

X 

X 

Polyethylene 

X 

Silastic  LS-53 

X 

X 

Garlock  Gasket  #900 

X 

X 

X 

Haveg  61 

X 

X 

Mylar,  Type  A 

X 

X 

Asbestos 

X 

X 

Neoprene 

X 

Butyl  Compound  805-70 

X 

X 

X 

Kel- F  3700 

X 

X 

X 

Kel-F  5500 

X 

X 

X 

Kel-F  300  (15%  glass  filled) 

X 

X 

X 

Oapon  35 

X 

X 

X 

Johns -Manvllle  Service  No.  60 

X 

X 

Graphitar  #2 

X 

X 

Graphitar  #50 

DC-33 

X 

X 

X 

Nordcoseal  147 

X 

Nordcoseal  421 

X 

UDMH  Lube 

X* 

X* 

Lox  Safe 

X* 

X* 

ANOOK  C 

X* 

X* 

Carum  200 

X* 

X* 

Carum  325 

X* 

X* 

S-#58-M 

X* 

X* 

Fluorolube  HG 

X 

X 

Molykote  G 

X 

Delanlum 

X 

X 

X 

Viton  A  -  O-ring  -G227-19 

274-90 

X 

Viton  A  -  O-ring  -G227-19 

270-70 

X 
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TABLE  53  (CONT) 


UDMH  N2H4  N2O4  at 

Material  at  75“F  at  140  F  at  75°F  at  140°F  60  tS^F 


Irradiated  Neoprene 

X 

Stillman  Rubber  Compound 

X 

+  H1057  O-ring 

Silicone  Rubber  with  Unplasticized 

X 

Kel-F  Cover  -  O-rlng 

Genetron  XE-2B 

X 

Genetron  GCX-3B 

X 

X 

Raythene  N 

X  (110“F) 

X 

Genetron  HL  Plastic 

X 

Epon  815 

X 

♦Dynamic  tests  with  lubricant  tester. 
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TABLE  54 

COMPATIBILITY  OF  METALS  WITH  N2O4  AT  60  i5°F 
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Genetron  Clear  26.25  Nil  Nil  0.8678  «  4.6  32  days  Physical  properties  and  appear- 

XE-2B  Cloudy  26.25  Nil  Nil  0.9387  2.5  32  days  ance  excellent;  N2O4  unchanRed 


COMPATIBIUTY  OF  METALS  WITH  UOMH  AT  140“  F  FOR  ONE  MONTH 
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NOTE:  Aluminum  tested  in  highesi  temper  available 
Stai  iless  Steels  tested  in  annealed  condition 


TADLK  59 


COMPATiniUTY  OK  PIJ^STICS  AND  ELASTOMERS  WITH  UDMH  AT  140  F  FOR  ONE  MONTH 


S|>4'C' inu'h 


Area 

Iir 

Vol 

V.>1 

Wei|!ht. 

In^ 

Change 

Initial 

Final 

LDMH  niaiik  (Initial  96. O'.,  S|). 

Or.  0.7849) 

Ji)>ins>ManvilIt' 

SiTVlCf  *60 

3.54 

0.139 

2.5 

4.1349 

<.0H95 

Havf^  61 

H.Ol 

0  43 

56.0 

13.7723 

15.3640 

Daixin  35 

3.91 

0.304 

H.9 

6.7668 

7.0558 

Kel-F  300  (IS 
(;laiis  filled) 

3.80 

0.183 

0.0 

6  6734 

6.7341 

Silastu*  LS*53 

-- 

0.055 

1.1955 

Duty!  O-Rin^ 

0.73 

0.2C 

.5.0 

0.5235 

0.5502 

Ciint|xtund  805-70 

0.73 

0.26 

3  9 

0.5270 

0.5550 

Kcl-F  5500* 

Dane  Elastomer  O  ' 
Kel-K  3700* 

Riiv4 

hasc  Elastomer  "O  " 

Riiik: 

T.  tlon  EEP 

3. OH 

n.oif. 

0  0 

0.5701 

0  5711 

Garlo(  k  Gasket  -900 

1,46 

(1  10 

0  0 

2.ti569 

2  6H34 

Gra|)hitur  -2 

4  17 

0  31 

0.0 

9  H163 

9  934H 

Graphit.ir  -50 

4.01 

0.33 

0.0 

9.49HI 

9  HH60 

Dflaniuin  (I’raphile 
with  iilastic  liHuieri 

2.9H 

0.20 

0  0 

6  1626 

6  2672 

Mylar.  Type  A 

4,17 

0.023 

0  4765 

Fuel  Anuly»iN 


%  Wt. 

Sp.  Or. 

Chanur 

Color 

Cone*. 

77  '.39  F 

Reniui  kh 

St  raw 

95.9 

0.7973 

-1.1 

Straw 

95.0 

0.6046 

White  ppt.  in  fuel:  no  si^- 
nifleant  ehanke  in  Hpecimen 

•  11  6 

Mntwn 

92.6 

0.8062 

S|)ec’imen  llKhter  In  color 

•  4.3 

Yellow 

93.6 

0.8056 

White  ppt.  in  fuel:  slight 
embrittlement  on  sharp 
edg”**  of  specimen 

•  0.9 

Orange 

85.4 

0.8410 

Specimens  darker  in 
color 

-- 

-- 

-- 

Tested  at  ambient  tempera¬ 
ture.  Specimen  dlss^ilved 
within  16  hours. 

.5.1 

Orange 

94.4 

0.8029 

Apparent  Modulus  of  Rigid¬ 

•  5.3 

slight  ppt 

ity.  psl*.  Initial.  336,  340; 
Finn!.  81.  92. 

Dissolved  within  16  hriurs. 
Gross  swelling  and  det^r- 

ir>r.i(irin  within  18  hours. 

■0.17 

St  raw 

9.3.1 

0.8042 

No  change  In  specimen 

■  1-0 

Oranue 

91. H 

0.8131 

Whiti'  ppt.  in  fuel:  speci¬ 
mens  lighter  in  cott>r 
showed  a  0.36'  weight  gain 
alter  48  hours. 

■1  2 

Yellow 

91.7 

0.80H4 

No  change  in  specimen; 

0.62'  weight  gain  after  4B 
hours. 

•  4  1 

91.0 

0.H121 

Black  colloidal  ppt. in  fuel; 
no  change  In  specimen;  2.4 
wi'ighl  gain  alter  48  hours. 

•  J  7 

Yellow 

91,9 

O.H072 

No  changu  in  sper'imen,  0.09 
weight  gain  after  48  hour.s. 

V.  How 

.. 

SperiMien  completelv  diler- 

•  Di'tiTimni'd  »in  G«-hnun  Stiftijr.ss  Tt  >*t*T  \u  r  ASTM 
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COMPATIBIIJTY  OF  PLASTICS  AND  ELASTOMERS  WITH  NjH^  FOR  ONE  MONTH  AT  HOT 
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TABLE  61 


LUBRICANT  TEST  DATA 


Condition  of  O-Rings 
at  End  of  Test 

Force  (lbs)  Following 
24  Hr.  Shutdown 

Lubricant 

Source  of  Lubricant 

Piston  O-Ring 

Shaft  O-Ring 

Initial 

Final 

UDMH  TESTS: 

UDMH  Lube* 

Bell  Aerosystems  Co. 

Good 

Fair 

54 

21 

S-#58-M 

N.Y.  &  N.J.  Lubricating  Co. 

Good 

Good 

40 

27 

LOX-Safe 

Redel  Inc.,  Anaheim,  Calif. 

Good 

Good 

43 

14 

ANDOK  C 

Esso  Standard  Oil  Co. 

Good 

Fair 

(rolled) 

39 

25 

Carum  200 

Esso  Standard  Oil  Co. 

Abraded, 

sticky 

Abraded, 
sticky,  rolled 

60 

30 

Carum  325 

Esso  Standard  Oil  Co. 

Fair 

Fair 

(rolled) 

52 

39 

TESTS: 

UDMH  Lube 

Bell  Aerosystems  Co. 

Good 

Good 

4 

4 

S-#S8-M 

N.Y.  &  N.J.  Lubricating  Co. 

Good 

Good 

13 

13 

LOX-Safe 

Redel  Inc.,  Anaheim,  Calif. 

Good 

Good 

28 

11 

ANDOK  C 

Esso  Standard  Oil  Co. 

Good 

Good 

14 

9 

Carum  200 

Esso  Standard  Oil  Co. 

Good,  but 
slightly  sticky 

30 

10 

UDM-M  Lube 

Superlube  Inc.  Cleveland, Ohio 

Fair 

Fair 

42 

8 

♦UDMH  Lube  = 

UDM  Lube  -  Superlube  Inc  ./Electro  Mechanics 

No.  20057  (50-50  mixture) 
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TABLE  62 


SUMMARY  OF  COMPATIBILITY  DATA  FOR  MATERIALS  OF  CONSTRUCTION 
WITH  THE  ANHYDROUS*  PROPELLANTS  UDMH,  NgH^,  AND  NgO^  -  SATISFACTORY  FOR  USE 

The  following  materials  are  satisfactory  for  use  with  these  propellants  under  the  test  conditions 
described  in  this  report: 

UDMHatl-W'F  Hydrazine  at  140“ F  NjO^  at  60  ±5“F 


7075  Aluminum 

2014  Aluminum 
5052  Aluminum 
5456  Aluminum 
316  Stainless  Steel 
17-7  PH  Stainless  Steel 

416  Stainless  Steel 
C  120  AV  Titanium 
Monel 
Tantalum 
Inconel 

Butyl  Rubber  Compound,  805-70 


6061  Aluminum 
1100  Aluminum 

17-7  PH  Stainless  Steel 

321  Stainless  Steel 

347  Stainless  Steel 

A  110  AT  Titanium 

Butyl  Rubber  Compound, 
805-70 

Graphltar  #2 

Graphitar  #50  at  200°  F 

Delanium 

Teflon  FEP 

UDMH  Lubricant,  at 
room  temperature 

S-#58-M  Non-Fluid  Oil 
at  room  temperature 

Lox  Safe,  at  room  temperature 


2014  Aluminum 

2024  Aluminum 

7075  Aluminum 

5456  Aluminum 

356  Aluminum 

17-7  PH  Stainless  Steel 
PH  15-7  Mo  Stainless  Steel 

304  Stainless  Steel 

416  Stainless  Steel 

Monel 

Inconel 

Tantalum 

Haynes  Stellite  6K 

"A"  Nickel 

Teflon  FEP 

Teflon  TFE 

Genet  ron  XE-2B 

Genetron  GCX-3B 

Graphitar  #2 

Graphitar  #50 
Graphitar  #39 
Delanium 
Molykote  G  (MoSj 


Teflon  FEP 
Teflon  TFE 
Graphitar  #2 

Delanium  (graphite  w/plastlc  binder) 

UDMH  Lubricant  at  room  temp. 

Lox  Safe  at  room  temperature 

S-#58-M  Non- Fluid,  Oil  at  room 
temperature 

*Thc  presence  of  moisture  may  adversely  affect  the  corrosion  resistance  of  these  materials. 


AFFTC  TR-60-61 


249 


TABLE  63 


SUMMARY  OF  COMPATIBILITY  DATA  FOR  MATERIALS  OF  CONSTRUCTION 
WITH  THE  ANHYDROUS*  PROPELLANTS  UDMH,  N2H^,  AND  NgO^  - 
SATISFACTORY  FOR  SHORT-TERM  SERVICE 


The  following  materials  are  satisfactory  for  short  term  service**  with  the  propellants  but  should  be 
tested  further  to  determine  specific  use  limits: 


UDMH  at  140*’ F 


N2H^  at  140“  F 


N20^  at  60  ±5“  F 


Johns -Manville  Svc.  #60 

Dapon  35 

Kel-F  300 
(15%  glass  filled) 

Garlock  Gasket  #900 
Graphitar  #50 
Haveg  61 
Raythene  N 
Genetron  HL 

ANDOK  C,  at  room  temperature 
Carum  200  at  room  temperature 


AM  lOOA  Magnesium 

5456  Aluminum  at  200°  F  AZ31C  Magnesium 

347  Stainless  Steel  Stillman  Rubber 

316  Stainless  Steel  at  200°  F  Compound  TH  1057 
Garlock  Gasket  #900  at  200°  F 


Haveg  81,  at  200°  F 

ANDOK  C,  at  room  temperature 

UDM  Lube,at  room  temperature 

Carum  200,  at  room  temperature 

Neoprene 


Silastic  LS-53 

Silicone  Rubber  O-Rlng 
with  unplasticized  Kel-F 
cover 

Raythene  N 

Viton  A  "O"  Ring 


Fluorolube  HG 


NORDCOSEAL  #147 
NORDCOSEAL  #421 


*The  presence  of  moisture  may  adversely  affect  the  corrosion  resistance  of  these  materials. 

**The  materials  are  affected  in  such  a  way  that  for  certain  applications  they  may  be  used. 

For  example,  Raythene  N,  an  irradiated  polyolefin  may  be  used  successfully  as  insulation 
for  electrical  wires  when  the  Raythene  N  is  exposed  to  NgO^  vapors  intermittently. 
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TABLE  64 


SUMMARY  OF  COMPATIBILITY  DATA  FOR  MATERIALS  OF  CONSTRUCTION 
WITH  THE  ANHYDROUS  PROPELLANTS  UDMH,  N^H^,  AND  N^O^  -  UNSATISFACTORY 


The  following  materials  are  unsatisfactory  for  use  with  these  propellants**. 


UDMH  at  140°  F 

Silastic  LS>S3  at  room  temperature 
Kel-E-1  (Kel-F  3500  Base  "O"  Ring) 
Kel-E-5  (Kel-F  3700  Base  "O"  Ring) 
Mylar,  Type  A 
Genetron,  GCX-3B 
Epon  815 

Carum  325  at  room  temperature 


Hydrazine  at  140°  F 

AM  lOOA  Magnesium 
K-Monel  at  200° F 
’•A”  Nickel 
Inconel,  at  200*  F 
416  Stainless  Steel  at  200°  F 
Dapon  35 

Silastic  LS-53  at  room  temp. 
Kel-E-1 
Kel-E-5 

Kel-F-300  (15%  glass  filled) 
Mylar,  Type  A 

*Not  seriously  ifected  but  potentially  dangerous  since  impact  sensitive 
form  on  titanium  in  the  presence  of  strong  oxidizers. 


N20^at  60  ±5°  F 

A  110  AT  Titanium* 
Kel-F  3700 
Kel-F  5500 

Butyl  Rubber  Compound 
805-70 

Irradiated  Neoprene 
Johns-Manvllle,  Svc.  #60 
Garlock  #000 
DC  33  Grease 


deposits  have  been  known  to 


**Although  these  materials  are  unsatisfactory  for  general  service  with  these  propellants,  they  do  not 
create  a  hypergolic  or  an  explosive  condition  with  these  propellants.  Despite  the  fact  that  these 
materials  generally  deteriorate  rapidly  in  the  liquid  propellant,  some  may  afford  a  first  order 
protection  as  Indicated  in  the  test  results  in  the  body  of  this  report. 
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lAAIfT  VALVE  (FUEL  AJID  OXIDIZER) 
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TABLE  67 


FLOW  ANALYSIS  -  62-472.213  TURBINE  BY  PASS  VALVE  (FUEL  AND  OXIDIZER) 

(FUEL) 

Room  Temp.  Accept.  Test  Initial  Room  Temp.  Test  Elevated  Temp.  Test  Final  Room  Temp.  Test 

Rated  Flow  to  Establish  Flow  vs  Ap  Ambient  &  Valve  Temp.  70i5  F  Ambient  4  Valve  Temp.  IdOtS^F  Ambient  It  Valve  Temp.  70*5'*F 
Test  Liquid  >  Methanol  Test  Liquid  UDMH  Sp.  Gr.  0.800  Test  Liquid  UDMH  Sp.  Gr.  0.768  Test  Liquid  UDMH  Sp.  Gr.  0.700 

Sp,  Gr.  0.794  Temp,  of  UDMH  ♦  61  F  Temp,  of  UDMH  ♦  115’ F  Temp,  of  UDMH  ♦77’ F 


nk  Pres. 
P»lg 

Equiv.  Water 
Flow  Lba/Sec 

Ap 

psl 

Tank  Pres, 
psig 

Equiv.  Water 
Flow  Lbs/Sec 

Ap 

psi 

Tank  Pres. 
P«lK 

Equiv.  Water 
Flow  Lbs/Sec 

Ap 

psl 

Tank  Pres. 
P«iK 

Equiv.  Water 
Flow  Lbi/Sec 

Ap 

psl 

332 

2.30 

9.4 

317 

2.33 

9.0 

312 

2.26 

B.B 

308 

2.30 

9.1 

432 

2.60 

12.2 

402 

2.62 

11.6 

407 

2.60 

11.3 

400 

2.60 

12.0 

SlI 

2.62 

14.6 

488 

2.86 

14.1 

484 

2.83 

19.1 

461 

2.63 

14.4 

611 

3.13 

17.6 

575 

3.10 

16.3 

563 

3.10 

16.1 

566 

3.10 

16.6 

705 

3.37 

19.8 

661 

3.32 

19.0 

668 

3.30 

19.9 

670 

3.40 

19.5 

Room  Temp.  Accept.  Test 


(OXIDIZER) 


Initial  Room  Temp.  Test 


Elevated  Temp.  Test 


Final  Room  Temp.  Test 


Rated  Flow  to  Establish  Flow  vs  Ap  Ambient  It  Valve  Temp.  70? 5  F  Ambient  It  Valve  Temp.  160?  5’ F  Ambient  It  Valve  Temp.  70t5®F 


Test  Liquid  .  Methylene  Chloride 
Sp.  Gr.  1.332 


Test  Liquid  N2O4  Sp.  Gr.  1.454  Test  Liquid  N2O4  Sp.  Gr.  1.412  Test  Liquid  N2O4  Sp.  Gr.  1.442 


Temp,  of  N2b4  ♦61‘F 


Temp,  of  N2O4  *94*^ 


Temp,  of  N2O4  ♦70’F 


nk  Prea. 

Equiv.  Water 

Ap 

Tank  Pres. 

Equiv.  Water 

Ap 

Tank  Prea. 

Equiv.  Water 

Ap 

Tank  Prea. 

Equiv.  Water 

Ap 

palg 

Flow  Lbu/Sec 

psl 

palg 

Flow  Lbs/Sec 

pst 

pstg 

Flow  Lbs/Sec 

psl 

palg 

Flow  Lba/Sec 

pal 

270 

7.56 

105 

210 

7.58 

108 

206 

7.42 

62.8 

206 

7.70 

112 

351 

8.64 

138 

265 

8.47 

137 

271 

8.54 

126 

274 

8.70 

146 

431 

6.56 

’l70 

331 

6.43 

170 

331 

6.47 

157 

331 

6.50 

176 

504 

10.30 

166 

386 

10.21 

201 

387 

10.22 

188 

367 

10.70 

210 

586 

11.12 

234 

452 

10.66 

234 

456 

11.12 

225 

457 

11.70 

244 

Comiuslons 

After  establlshinK  a  flow  vs  Ap  with  methanol  and 
methylene  chloride,  conclusive  testing!  then  conduct¬ 
ed  with  N2O4  and  UDMH  at  room  temperature  and 
at  elevated  temperature  disclosed  a  very  close  cor¬ 
relation  during  all  phases.  Disassembly  of  valve 
disclosed  no  adverse  effects,  see  Figure  141.  It 
can  l>e  concluded  that  the  62-472-213  valve  is  com¬ 
patible  with  N2O4  and  UDMH  uiuier  the  conditions 
it  was  tested. 

Data  recorded  on  this  table  is  plotted  on  Figure  61. 


t 


s 


rvom  /  «Lurf9 


Room  T»mp.  Accept.  Teat  At 
Rated  Flow  to  Catabllsh  ricw  ea  Ap 
Teat  LlquM-Metlianol 
Sp.  Gr.  O.Tt7 


|-r-.]b  -% - Teaip.  1 

Itwiii^ 4  traNe  r#«p- 
Tewl  Vepiid  1«MR  Sp  C 


Tank  Press. 

Equiv.  Water 

Ap 

P«l 

Flow  Lba/Sec 

!*•» 

359 

0.313 

38.S 

450 

0.353 

4a.9 

553 

0.393 

40.1 

) 

Tm/lL 
/ 


.  TmI 
to  .4  r 

.  - Cr  0  4M 

atUDMH  ■«  r 


iahUu  u 

.  nu.  VALVE  (FUEL  AMD  OXIDIIiER) 

irUCL) 

B  l«TUrd  Te>np.  Teil 
AmMral  *  V»Jv»  Tunp.  1#0.5  F 
TrM  Liquid  UDWH  Sp.  Cr.  1.712 
of  ♦  107“  K 


Final  Room  Temp.  Teat 
Ambler.f.  ii  Valve  Temp.  70  «S*F 
Teat  Liquid  UDMH  8p.  Or.  0.708 
Temp,  of  UDMH  *B9*r 


Ml 

ii7 


Eqmv.  Water 

flam  Uie.^Scv 

Ap 

pal 

Tank  Prcaa. 

pal 

Uqulv.  Water 
);)ow  Lba/8?c 

Ap 

pal 

Tank  Preas. 
pal 

Equiv.  Water 
Flow  Lba/Sec 

Ap 

pal 

0.351 

97 

342 

0.348 

39.3 

313 

0.3S3 

40.3 

0.402 

48 

450 

0.390 

49.2 

454 

0.389 

49.1 

0.443 

59.8 

447 

0,397 

51.1 

539 

U.434 

58.4 

550 

0.426 

80.0 

443 

0.407 

66.3 

(OXIDIZER) 

Room  Temp.  Accep.  Teat 
Rated  Flow  to  Catabllah  Flow  va  Ap 
Teat  Uqnld«>liaClqrlaM  Chtort^ 
Sp.  Gr.  1.348 


V 

f 

« 

; 

InituI  Roum  Temp.  Teat 
4AmMeM  A  Valve  Temp.  70i&  F 
■^eat  Liquid  NjOq  Sp.  Gr.  1.448 
Temp,  of  N2O4  •71  F 


Elevated  Temp.  Teat 
Ambient  >11  Vaive  Tern).  140i5“F 
Teat  Liquid  N2O4  Sp.  Cr.  1.400 
Ten  p.  of  N2O4  ♦f7’r 


Final  Room  Temp.  Teat 
Ambient  A  Valve  Temp.  TOiS'F 
Teat  Liquid  N2O4  Sp.  Or.  1.443 
Temp,  of  NjOq  471”  F 


Tank  Press. 

pal 

Equiv.  Water 
Flow  Lba/Sec 

.'IP 

p«i 

4  Twik  Prcaa. 

I  pti 

Equiv.  Water 
Flow  Lba/Sec 

Ap 

pal 

Tank  Prcaa. 

pal 

Equiv.  Water 
Flow  L'>a/9ec 

Ap 

pal 

Tank  Press. 

Equiv.  WAtqr 
Plow  Lbq/Bw 

Ap 

psi 

417 

0.353 

>4.4 

^  41. 

0.253 

25.1 

413 

0.250 

2V.9 

434 

o.aso 

27.6 

534 

0.388 

30.* 

}  »« 

0.285 

31.1 

5ri4 

0  282 

36.3 

517 

0.}8« 

34.2 

645 

0.319 

ST.ji 

r  4M 

0.313 

37.3 

838 

0.308 

43.5 

641 

O.IEO 

43.4 

766 

0.340 

44., f 

74} 

0-341 

43.9 

747 

(.338 

51.0 

744 

0.344 

46.9 

839 

0.345 

44.0/ 

U4 

0  343 

48.9 

839 

0.357 

59.0 

939 

0.36} 

55.1 

Conclwa* ana  (Fwell 

After  eatabliahlfif  a  va  4j.p  with  Methanol, 
conclualve  leatinf  ther.  conducted  with  UDMH  at 
room  temperature  and  at  elevated  temperature 
diacloaed  a  very  cloae  correlation  at  all  phaaea. 
Olaaaaembly  of  the  valve  diacloaed  no  adverae 
effecta  exe^  that  there  waa  a  allfhi  brown 
dlacoloratlon  of  the  Up  aeala.aee  Flfure  143. 
ft  la  known  from  other  teat  data  that  KcNF  la 
not  compatible  with  UDMH  for  extended  perloda 
of  atorafe.  ft  la  concluded  that  the  62«473«340>1 
valve  la  compatible  with  UDMH  under  ihe 
conditlona  It  waa  teated. 

Data  recorded  on  this  table  la  plotted  on  Fifure  63. 


Conclualona  (OxldUer) 

After  vatabllahlnf  a  flow  va  A  p  with  Methylane 
Chlor  da.  flow  teatlnf  with  N3O4  at  Initial  room 
lempf'rature  showtd  a  cloae  correlation  between 
N1O4  and  methylene  chloride.  At  elevated  and 
final  room  temperature  there  la  a  diacrtpaney 
in  ^.p.  ft  is  possible  that  the  poppet  adjuatli^ 
acrcar  was  inadvertently  adjusted  and  const- 
quer  Uy  the  A  p  increased  for  the  same  flow 
raiw;ta  for  the  elevated  and  final  room  tempara- 
tur<  teat.  In  the  dlaaaaembly  of  the  valve 
(PVfure  143).  allflit  difficulty  waa  ai^ritncad  in 
rer:)0viAC  the  Kel-F  Up  Seal  retainers  becausa  of 
ali|ht  salt  formations.  There  were  no  other 
ad-/erae  effects,  ft  la  concluded  that  the 
81-473-340-1  valve  is  compatibla  with  NjOq 
ur.dar  the  conditions  it  waa  tasted. 

Data  recorded  on  this  table  is  plotted  on  Fifure  83. 


TABLE  M 

FLOW  ANALYIS  -  •a-4Ta.OM  CHECK  VALVE  (OXlDfZER) 


Room  Ttmp.  Aecopl.  Toot  At  Inttlal  Room  Tomp.  Toot  Clovolod  Tomp.  Toot  Firm!  Room  Tomp.  Toot 

Rolod  Flow  to  Botobitoli  Flow  vo  ^  p  AmhUK  A  Volvo  Tomp.  70  •  S  **  Amblont  A  Volvo  Tomp.  140  <  S*  F  AmMont  A  Volvo  Tomp.  70  t  5*  F 

Toot  Llquld-Mothylono  CKIorldo  Toot  Liquid  tp.  Cr.  1.454  Toot  Liquid  N204  8p.  Cr.  1.410  Toot  Liquid  8p.  Or.  1.470 


•p. 

.  Gr.  1.334 

Tomp. 

of  N1O4  «41'F 

Temp* 

of  N1O4  ♦••*  F 

Temp. 

of  N2O4  444*  F 

Tank  Proaa. 

Equlv.  Water 

Ap 

Tank  Proaa. 

Equlv.  Water  Ap 

Tank  Proaa. 

Equlv.  Water 

Ap 

Tank  Proaa. 

Equlv.  Water 

Ap 

Pdlg 

Flow  Lba/Soc 

pel 

pale 

Flow  Lba/ioc  pal 

pelg 

Flow  Lbo/8oc 

pel 

pelg 

Flow  Lbe/8ec 

pel 

414 

0.514 

IS.l 

474 

0.573  14.0 

344 

0.504 

17.0 

430 

0.510 

15.7 

531 

0.544 

14.2 

574 

0.430  14.3 

425 

0.432 

14.2 

523 

0.579 

16.9 

439 

0.443 

17.2 

492 

0.445  14.0 

724 

0.475 

14.4 

431 

0.438 

17.4 

•79 

0.754 

11.0 

•04 

0.739  14.4 

•14 

0.723 

14.9 

741 

0.691 

14.0 

428 

0.731 

18.3 

Concluoiono 

Aflor  ootolillohiflf  o  flow  vo  Ap  with  Mothylono 
Chlorldr.  conriuolvo  tooting  Ihon  cooductod  with 
N104  01  room  tomportturo  ond  01  olovotod 
tomporoturo  diorloood  o  vory  clooo  corrolotlon 
during  oil  phoooo.  Dlooooombly  ol  tho  volvo 
diocloood  no  advoroo  offocta  too  Figure  144. 

(Ntrfo:  The  throdded  condtiton  ol  the  Motic  tool 
may  orcur  when  this  type  valve  it  diaaaaembled. 

It  can  be  conrtudrd  that  the  42>472-045  valve  la 
compatible  with  H2O4  under  the  rondltl(»fui  It  wot 
leatedj 

Data  recorded  on  thia  table  la  plotted  on  Figure  63. 


TABLE  70 


FLOW  ANALY8B  -  62*47a<0t4  CHECK  VALVE  (PUELl 


Room  Temp.  Accep.  Toot 
Rated  Flow  to  CoUbliah  Flow  Vo  A. 
Teat  Llquld-Mothanol 
Sp.  Gr.  0  744 


Initial  Room  Temp.  Teat 
Amblont  A  Valve  Temp.  70  t  5  F 
Teat  Liquid  UDMH  Sp.  Gr.  0.400 
Temp,  of  UDMH  •Sa  F 


Elevated  Temp.  Teal 
Ambient  4  Valve  Tomp.  160  t  5  F 
Teat  Liquid  UDMH  8p.  Cr.  0.7BO 
Temp,  of  UDMH  *95  F 


Final  Room  Tomp.  Teat 
Ambient  A  Valve  Tomp.  70  t  5  F 
Teat  Liquid  UDMH  Sp.  Cr.  0.800 
Temp,  of  UDMH  *58''r 


Tank  Proaa. 
paid 

Equlv.  Water 
Flow  LbWSoc 

Ap 

pei 

445 

1.044 

18.2 

542 

1.204 

14.8 

443 

1.275 

19,7 

744 

1.432 

19.8 

Tank  Proaa. 

Equlv.  Water 

Ap 

polg 

Flow  Uia/Ser 

pal 

421 

l.OM 

17.9 

524 

1. 195 

19.0 

424 

1.305 

19.2 

725 

1.413 

20.0 

Tank  Treaa. 

Equlv.  Waler 

A|) 

paid 

Flow  Lba/Ser 

pal 

432 

1.086 

18.5 

519 

1.197 

IB.B 

424 

1.314 

19.4 

726 

1.418 

20.6 

Tank  Preaa. 
pale 

Equlv.  Water 
Flow  Lba/Soc 

Ap 

pel 

361 

0.982 

16.8 

436 

1.081 

17.7 

526 

1.185 

18.5 

633 

1.302 

18.8 

727 

1.397 

ZJ.2 

Conclualorva 


Alter  eatabllahtni:  a  flow  va  Ap  with  Methanol, 
conclualvo  leating  then  ronductM  with  UDMH  at 
room  temperature  and  at  elevated  temperature 
dlacloaed  a  very  cloae  correlation  during  all 
phaaea.  Dlaaaaombly  of  the  valve  dlacloaed  no 
adverae  effecta.  aee  Figure  147. 

(Note:  Tho  ahredded  condition  of  tho  atatlc  aeal 
may  occur  when  thia  type  valve  la  diaaaaembled. 

It  can  be  concluded  that  the  42>472-049  vaJvo  la 
compatible  with  UDMH  under  the  condltlona  It  waa 
oat^.) 

Data  recorded  on  thia  table  la  plotted  on  Figure  44. 
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TABLE  71 

FLOW  ANALYSIS  -  62-472-0(7  CHECK  VALVE  (FUEL  AND  OXIDIZER) 
(FUEL) 


TABLF  72 


FLOW  ANALYSIS  -  62>472.4f3  SOLENOID  VALVE  -  FUEL  (MAROTTA) 

Room  Temp.  Accept.  Test  Initial  Room  Temp.  Teat  Elevated  Temp.  Teat  Final  Room  Temp.  Teat 

Rated  Flow  to  Eatabllah  Flow  va  ^p  Ambient  it  Valve  Temp.  70«S  F  Ambient  Ir  Valve  Temp.  I60>5  F  Ambient  ft  Valve  Temp.  70»5*F 

Teat  Liquid  >  Methanol  Teat  Liquid  UOMH  Sp.  Or.  0.796  Teat  Liquid  UDMH  Sp.  Or.  0.775  Teat  Liquid  UDMH  ftp.  Or.  0.790 

Sp.  Or.  0.707  Temp,  of  UDMH  «65  F  Temp,  of  UDMH  « 102^F  Temp,  of  UDMH  4e9*F 


Tank  Pres. 

Equiv.  Water 

Ap 

Tank  Pres. 

Equiv.  Water 

Ap 

Tank  Pres. 

Equiv.  Water 

Ap 

Tank  Prea. 

Equiv.  Water 

Ap 

p«ig 

Flow  Lba/Sec 

pal 

pslg 

Flow  Lbs/Sec 

psl 

P«lK 

h  low  Lba/Sec 

psl 

P>ig 

Flow  Lba/Sec 

pal 

359 

0.353 

46.7 

362 

0.338 

46 

549 

0.424 

72 

454 

0.368 

54 

450 

0.217 

59.3 

453 

0,367 

57 

646 

0.453 

84 

539 

0.424 

67 

552 

0.442 

71.7 

551 

0.432 

60 

740 

0.486 

98 

647 

0.46*» 

80 

646 

0.470 

83 

791 

0.50? 

105 

739 

0.499 

94 

740  U.SIl  96 


ConcluMKina 

After  eatabllahlmt  a  flow  va  Ap  with  methanol,  con> 
rluaive  teatinq  then  «  onducted  with  UDMH  at  room 
temperature  and  elevated  temperature  diacloaed  a 
very  ctoac  correlation  at  all  p^aaea.  Dlaaaaembly 
of  the  valve  diacloaed  no  adverse  effects  except  that 
there  was  a  alight  brown  dlacoloratlon  of  the  KeUF 
poppet  neat  (aee  Figure  159).  Thla  valve  la  current¬ 
ly  being  uacd  In  UDMH  for  another  project  and  the 
data  recorded  here  correlatea  cloaely  with  other 
test  data,  that  Kel-F  la  not  compatible  with  UDMH 
for  extended  peri  da  of  storage.  It  Is  concluded 
the  62-472-413-I  valve  la  compatible  with  UDMH 
under  conditions  It  was  tested. 

Oats  recorded  on  thla  table  u  plotted  on  Figure  66. 

TABLE  7S 

FLW  ANALYSIS  -  62-472.751  FILTER  ASSEMBLY  (OXIDIZER) 

Initial  RiHim  Temp,  Teat  Elevated  Temp.  Test  Final  Room  Temp.  Test 

Ambient  ft  Valve  Temp.  70>S  F  Ambient  ft  Valve  Temp.  160*5  F  Ambient  ft  Valve  Temp.  70t5*F 
Test  Liquid  N2O4  Sp.  Gr.  1.454  Teat  Liquid  NgOa  Sp.  Gr.  1.410  Test  Liquid  NjOq  Sp.  Cr.  1.470 
Temp.  «*f  N2O4  *61  F  Tomp.  of  N2O4  *96  F  Temp,  of  N2O4  ♦40'F 


Tank  Pres. 

Equiv.  Water 

Ap 

Tank  Pres. 

Fqulv.  Water 

Tank  Pres. 

Equiv.  Water 

Ap 

Tank  Pres. 

Equiv.  Water 

Ap 

pels 

Flow  Lbs/Sec 

psi 

psig 

Fl«*w  L!»s/Sec 

psl 

pslg 

Flow  Lt>s/Ser 

psl 

pslg 

Flow  Lbs/Sec 

pal 

414 

0.513 

5  7 

370 

0.506 

5.5 

521 

0.578 

6.2 

420 

0,510 

6.0 

531 

0.582 

7.4 

478 

0.573 

6.9 

625 

0.632 

7.7 

523 

0.579 

7,4 

639 

0.642 

8.7 

578 

0.630 

8.3 

728 

0.680 

9.1 

631 

0.638 

8.8 

760 

0.703 

9.9 

692 

0.685 

9.8 

816 

0.723 

10.4 

741 

0.691 

10.2 

670 

0.754 

11.3 

806 

0.739 

11.3 

828 

0.731 

11.4 

Conclualotm 

After  ealalillahlng  a  flow  va  Ap  with  methylene 
chloride,  conclusive  lesllng  then  conducted  with 
N2O4  at  room  temperature  and  elevated  tempera¬ 
ture  dtacloaed  a  very  close  correlation  during  all 
phases.  Disassembly  of  the  filter  disclosed  some 
entrapment  of  dirt  particles  In  the  stainless  steel 
filter  element.  There  were  no  other  adverse  effects 
(see  Figure  148).  It  can  be  concluded  that  the 
62-472-751  Filter  Is  compatible  with  N2O4  under 
the  conditions  It  was  tested. 

Data  r<>eorded  on  this  table  is  plotiml  on  Figure  67. 


Room  Temp.  Accept.  Test 
Rated  Flow  to  Establish  Flow  vs  Ap 
Test  Liquid  -  Methylene  Chlfirldc 
Sp.  Gr.  1.338 
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table:  74 


FLOW  ANALYSIS  -  63-472.093  3-WAY  CAS  OPERATED  VALVE  (FUEL  AND  OXIDIZER) 

(FUEL) 


Room  Temp.  Ai'C  'p^.  Test  At 
Rated  Flow  to  Eatabltah  Flow  va 
Test  Liquid  -  Methanol 
Spec.  Gravity  0.767 


fnltla*  Pc  jrii  Test 

Ambient  it  Valve  Temp.  70*5  F 
Test  Liquid  UDMH  Sp.  Gr.  0.704 
Temp,  of  UDMH  4  7rF 


Elevated  Ternp.  Tesl 
Ambient  it  Valve  Temp.  lOOtS^F 
Test  Liquid  UDMH  Sp.  Gr.  0.776 
Temp,  of  UDMH  « 102*  F 


Final  Room  Temp.  Teat 
Ambient  Ir  Valve  Tamp.  70*  5*  F 
Teat  Liquid  UDMH  8p.  Gr.  0.708 
Temp,  of  UDMH  *69*F 


Tank  Press. 

Equiv.  Water 

Ap 

Tank  Press. 

Equiv.  Water  Ap 

psi 

Flow  Lbs/Sec 

psi 

psi 

Flow  Lbs/Sec 

psi 

359 

0.353 

56.7 

351 

0.347 

40 

450 

0.397 

71.7 

450 

0.397 

53.6 

852 

0.442 

87,8 

557 

0.438 

73,2 

652 

0.480 

102 

658 

0.477 

66.4 

753 

0.517 

118 

754 

0.512 

103 

Tank  Press. 

Equiv.  Wster 

Ap 

Tank  Press. 

Equlv.Watsr 

Ap 

psi 

Flow  Lbs/Sec 

psi 

psi 

Flow  Lbs/Sec 

pal 

345 

0.301 

47 

313 

0.353 

51.6 

451 

0.341 

63.4 

454 

0.366 

64.3 

546 

0.414 

81.0 

530 

0.424 

77.3 

646 

0.443 

95.6 

642 

0.467 

93.7 

740 

0.475 

109 

739 

0.440 

108 

791 

0.495 

117 

C«>nc‘luKti»nN 


After  catabllshlntt  a  flow  vs  with 
Methanol,  flow  testing  with  UDMH  at 
room  temperature  and  at  elevated  tem¬ 
perature  disclosed  a  fair  degree  of  agree¬ 
ment.  The  higher  Aps  recorded  In  the 
rated  flow  teat  with  the  tendency  toward  a 
closer  agreement  in  in  the  rtKim 

temperature  and  elevated  temperature 
testa  aa  the  flows  increased,  lodiraied  a 
possible  error  in  instrumentation.  Sub¬ 
sequent  calibration  of  the  {Kitter  flow 
meters  did  indicate  a  IS  :  error  in  meas¬ 
uring  flows. 


Disassembly  of  the  valve  disclosed  no  adverse 
effects.  Figure  ISl,  except  that  there  was  a 
slight  brown  discoloration  of  the  Up  seals.  It 
Is  known  from  other  test  data  that  Kel-P  Is  not 
compatible  with  UDMH  at  extended  periods  of 
storage.  It  Is  concluded  that  the  62-472-063-5 
valve  is  compatible  with  UDMH  under  the  con¬ 
ditions  it  was  tested. 

Data  recorded  on  this  tabic  is  plotted  on  Figure  66. 


(OXIDIZER! 


Room  Temp.  Accept.  Test  At 
Rated  Flow  to  Establish  Flow  vs  Ap 
Test  Liquid  -  Methylene  Choride 


Spec.  Gravity  1.342 

ink  Press.  Equiv.  Water 

psi 

Flow  Lba/Sec 

psi 

417 

0.252 

27.6 

534 

0.288 

35.6 

645 

0.318 

43.9 

766 

0.348 

52.8 

639 

0.364 

58.2 

Initial  Room  Temp.  Test 
Ambient  4  Valve  Temp.  70; $  F 
Test  Liquid  N.,04  Sp.  Gr.  1.400 
Temp,  of  N2O4  •  105  F 

Tank  Press.  Equiv.  Water  *'.p 
psi  Flow  Lt>s/Ser  psi 

353  0.249  26.7 

467  0.281  34.6 

550  0.306  41.7 

651  0.336  49.1 

744  0.356  55.3 


Elevated  Temp.  Test 
Ambient  4  Valve  Temp.  160«  5  F 


Final  Room  Temp.  Test 
Ambient  4  Valve  Temp.  70*  5*  F 


DATA  NOT  RECORDED 
(SEE  CONCLUSIONS) 


Concluslona 

After  estahllahing  a  flow  vs  A  p  with  Methylene 
Chloride  the  valve  was  then  successfullv  subjected 
to  Initial  room  temperature  lest  with  NgO^.  The 
valve  was  (hen  subjected  to  the  elevated  temperature 
test  and  (Inal  room  temperature  teat.  The  teat  data 
recorded  for  the  initial  room  temperature  test  showed 
excellent  agreement  with  rated  flow.  Subsequent  data 
for  the  elevated  temperature  teat  and  final  room  tem¬ 
perature  test  was  not  recorded  due  to  an  Inatrumenta- 
(ion  breakdown  The  valve  was  disassembled,  Figun 
152.  and  Inspected.  There  were  no  adverse  ef»ecl8 
of  the  pro})eUant.  It  was  concluded  that  the  62-472-' 
valve  is  compatible  with  N2O4  utider  the  eruditions 
was  tested. 


Data  ri'corded  r>n  this  table  Is  plotted  on  Figure  6H. 
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